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F E S F C B 

An is^rtant fimdam^-taJL as£«€;t @>f my 
physical science is titie fcnaiila'tloa sxudZ&T 
development of models so as to mderstend the 
nniverse in which man finds himself. Xt also 
characterises his attes^ts at \inderstanding the 
inter-related ccm^alex of biology as a idiole« including 
medical science, how-a-days, one can hardly inmgine 
a scientific subject which does not depend upon some 
sort of matimimatical modelling to aid in the solution 
of the vast array of problems and in getting socee 
insight into the iispeurtant and essential underlying 
relationships. 

Develojpaent of mathematical models ani 

1* JUrMnlt 4 4 in /44 ii/*94 v\1[ 4fikdSi<B Mb# 'iiiic!i<4l4 #^4 vyfii 

uWJMhT wX, 

and health# particularly in epidemiological research# 
are essential to inves'tigate the mechanisms of 
different phenomena and to study relationships amoi^st 
factors inherent therein. Application of awSeis# 
construction of %hiGh considers relevant and In^rtant 
factors# provides appreciable values to many Ir^rtant 
epidemiological parameters ' In recent years# a 
coiwideridsle adrancement has hetm made in the 



ajRplieation of models by IncoriMorating stocbastAc 
mee^anism of one kind or the other in th«i« In such 
modeis, for example* the knowledge of a system being 
in a certain - state at or^ specific time does not 
determine uniquely its state at other timings but 
merely ttie probability of possible states* 

The present work deals with the formulation 
and application of some stochastic models for studying 
certain epidemiological aspects of malaria* a disease 
hairing considerable cole in the oirerall morbidity and 
mortality csonditions in India* The complete work 
has been presents in different Chapters* 

Chapter I elaborates upon the significance 
and need of the development of mathematical models and 
their application in medicine, particularly in malaria 
epidOTiiology, and the objective of the present work* 

Chapter II discusses the concept of mathematical 
modelling, kinds of existing models and their utilities 
in different areas of medicine and health. In Chapter III 
a brief account of the epidemiology of malaria along with 
a review of available w>dels, evolved and applied to 
study epidesiological aspects of malaria so far has 
been given* iin attes^it has besat ma^ to point out the 
lacunae in available malaria models end to stress the 
need of the formulation of stochastic Mfidyift f<^ 


studying ceartain ©pidemiological pa’fe't.ajnMi of IiImi 
disease, keeping in mind the situations and 
facilities aTailabXe in our country* Chapter rf . 
deals with a stodhastic model for estimating malaria 
parasite incidence rates and force of infection in 
infantsi it also illustrates the use of Idfe Tables 
in estimating such parameters. 

Models# based on stochastic processes# for 
estimating daily malaria parasite incid<aice and 
recovery rates and t ransi ti on prolud^ilities one 
state to the other in general population from 
longitudinal data# ccmsidering different situations 
have also been studied. Chapter ¥ shows a stochastic 
model# based on two states only# vis.# malaria positive 
state and malaria negative state# to estimate daily 
net malajria and recovery rates 

and transition probabilities in general population* 

Ihe presence of one more risk# namely *risk of lost to 
follow<»up* has bean taken into consideratioa in 
Chapter VI while estimating such malaria transition 
rates from one state to the other. This model 
considers 3 states of malaria and thus provides daily 
gross malaria parasite incidence and recovery rates 
in general population* In order to Judge their 
suitability# these models have also beim applied to the 



observed data# adapter Vll* however, deals with 
7 siutmlXy exclusive states of xaalaria coasideriiig 
a more general case. ^ Zt discusses a probability 
model to estimate species specific malaria 
trails iti on rates in the presence ©f the rish of the 
‘lost to follcw-up* in the general population. 

Since reieilant data from follow-up studies 
on malaria could not be found in the literature, a 
door-to-door follow-up survey in two villages of 
Jhansi district (U.P#) was carried-oufe on presence 
or otherwise of malaria parasites in the bloodi to 
make' it possible to Judge, as far as possible, the 
applicability and suitability of the evolved models. 
The details of the methods of survey and population 
covered etc. have been given in Chapter VIII* 

Chapter IX demonstrates the application of stochastic 
processes in estimating the a^Mitional years of life 
that would-be saved by an individual if malaria was 
eradicated from India* 

It is hoped that this work would be of some 
use to epidemiologists, malariologists and to many 
others working on the subject* Methods outlined here 
are einpected to facilitate the problem of quantitative 
assesment of malaxia situations in ipecific 
population groups* 
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INTRODUCTICai 

Healtli is a vaity iaqEJortaiJt phenoiWKnon of th® 
hman population and the is^jc^ed haaXtii status is an 
aeoaptad goal of tha ocsoaimitias and nations* Maalth 
status of tha population in a ooimunity is datanained 
by a irariaty of factors* Birtliar, it is affactad by 
tha various disaasas pravalant therain. Assassnant 
of haaltb conditions airolTing (|uantitatiya sNitasu^s 
in tba da'S'aloping countrias lika India* idiara paopla 
ara thought to hswm poorar haallh than thair 
countarparts in davaloped countdas* is assantial 
baeausa of many likaly raasons* 

Usa of sophisticatad mathwaatical raathods 
such as « nathanatical medals* in differant areas of 
inadical rasaarch is of tan appi^eiatad in studying 
various aspacts of tha disaasas md the associated 
phanoraena* Mo«f*a*day8 in radical rasaarch* 
mathaiBatioal isodals are frequently used in the 
assasasient of mortality and morbidity conditions in a 
population* in. tha iMasurament of haalth-laTels in a 
community* in studying dynamics of disaasas and 
efficacy of drugs* and in tha planning as well as in 
airaluation of health programmes* Iha development of 
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aod«is, using S'tocliastie processes in different 
disciplines of medicine and health* however# is a 
newer concept* 

^ ^The theoiY of stochastic processes . pla^s an \ 
important role in the investigation of random 
phenomena depending on time* Since the earlF^^'WOrk^ of 
Kolmogorov (1931) and Feller (1936)# the theory of 
stochastic processes has shown a constant development* 
Hain development# however# in its theory and 
applications took place during .the- iast 3--decadkiS* ; 
Stochastic processes have keen used to descrihtt 
eimpix'ical phencHsena and to solve many practical 
problems* Its field of application is considerably 
expanding day by day and at present# such processes 
are being applied in almost every field of human life* 
In medicine and health too# use of such processes is 
progressively increasing with time* 

In medicine# a good amount of work on the 
development of mathematical models and their 
application has been done in recent years* However# 
the available models# evolved for different purposes# 
consider generally deterministic approaches and the 
random oosponent in the process of their development 
has sel^m been taken into account* Thus# very few 
mathematical models based on stochastic processes - . 
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liav« i»«n evolved in different areas of niedicine 
and liealtli and liie application of stochastic theorF 
to the study of empirical problems# associated with 
the various aspects of diseases and ill health# 
particularly by Indian workers has been almost 
negligible hitherto. Therefore# there seems a need 
to study the mechanism of various phenomena of 
medicine# particularly# the epidwaiological aspects 
of different diseases quantitatively by applying 
stochastic processes.' 

Malaria# in India# has been a great problem 
for many years* )Despite the implementation of 
alternative strategies under national Malaria 
Eradication Programme# the positive eases of malaria 
increased significantly with time during the recent 
decade. Goverxnasnt of India# seeing the role of the 
disease in the overall morbidity and mortality 
conditions and ultimately# its iipact on Imiaith of 
the people and on econosF of the country# had decided 
to invest a considerably high proportion (40X) of the 
total health budget* for 1979-tO# to control the 
malady* Many new projects at macro and micro levels 
in the country have been initiated to evolve suitable 
strategies to control the disease in the shoartest ' 
period of tima.- The epidemiologists « nd the 

* Source t the Hindustan Times# Jiiugust i# 1990. 



4 


bio-statisticiama are engaged In deireloping new 
nwaamrea tb atn.di' different aspecta ef . tite disease 
so as to control the disease effectively* 
under the present circumstances# the study of '.various 
epidemiological aspects of malaria with :the help, of. 
stochastic processes^ would appear to be a relevant 
subject to deal with. 

In the present work# an effort has been 
made to formulate certain nodels of malaria# .utilising 
stochastic processes and to ^ply them to the actual 
malaria situations in a defined population. Values of 
some important epidsmilological parameters# such as 
malaria parasite incidence rate# force of. infection 
of the disease acting on a population at a paarticular 
time and malaria recovery rates etc have been estimated. 
Methods have been devised to . study daily malaria 
parasite inoidenee and recovery rates from longitudinal 
data considering J different es^irlcal situations# 
vis«# (i) when eases studied initially for malaria 
are covered# in toto# during subsequent follow-ups# 

(M) when a few cases are 'lost to follow-up* and 
(iii) when risk of 'lost to follow-up* is present in 
the population and such rates are to be estimated for 
specific malaria species# Estimation of additional 
years of life that an individual could be expected to 


live if the risk of malaria were eliminated from ; 
the population in India has also been carried-out 
on the basis of IS years epidemiologioai data \of 'the 
country# considering various assumptions. 

Further# since relevant data at certain 
occasions .to illustrate ^^e application of the 
suggested stochastic models were not available in 
the scientific literature on the subject# a door-to- 
door investigation on malaria in a rural population 
of Jhansi district (U#P.) was also carried-out. 

investigation conducted in the 'area# consisted of 

I 

two consecutive follow-ups of the available 
population# besides their initial stu^ for the 
presence of malaria parasites in the blood or 
otherwise. The observations are discussed in the 
light of associated lacunae with the methods# if any. 


♦ ilf # ilr ilr # ilf Tte ^ # 


' %.x 




f 


BRIEF REVIlir 
ON 

MATHEMATICAL MODELLING IN MEDICSISrS 

In recent Fears* has twsn an increasing 

mse of sophisticated mathematical/statistical 
teehnigues and methods in irarioua disciplines of 
medicine and health. Advanced methods and new tools 
such as « operation research# system analysis* 
multi factorial approach* cost-benefit analysis and 
mathematical models etc haye been developed and 
utilised in planning and execution of epidemiological 
investigations (Cvjetanovic et ml * 197 li I972f Grab 
and Cvjotanovic* I976f Hair* 1977)* clinical trials 
(Gupta* 1973) and therapeutic research (Martin* 196i)i 
in studying different aspects of demograj^hy and 
health of the people (Fathak* 1970| 1973 ; iunoeder* 1977); 
in prediction and simulation of trends of diseases 
under different epidemiological (xjnditions (Xndrayan ; - 
et al * 197 0| Leehat et al* 1977 )f in the asseswaent 
of the effectiveness of various health strategies 
(Uemura et al * i971f Grab and Cvjetanovic, 1975| 1976) 
and in the assessment of various preventive and control : 
mummms against specific diseases (Le^dbat et al * 1973) 
in different population groups. 
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However, the deveXopmot of nathematleal 
models and their applioations in the' diffeirent areas 
of medlcii^ and health, espeoiall^ to the epid^niolog^r 
of infectious diseases are rather newer concepts* 

^eir construction end application to the epidemiologsf 
and control of tropical diseases was initiated hf / 

Ross (1908) about 72 years agoi and since then, some 
important contributions have been made on subject* 
However, the literature is still scanty and the subject 
is in its early j^ase of development* Recently, it 
has been pointed*out (Srivastava, 197 S) that, practice 
of community health should be based on solid foundation 
of epidemiologic, eoologic and demographic analyses 
and such aspects should be studied by developing and 
applying relevant mathematical models* Hitherto, 
very little use has been made of these CNsneepts and 
techniques in designing, administering and evaluatii^ 
community health services in developing countries 
like India (Srivastava, 197S)* Mathematical models 
have great potentialities and, in fact, are very 
important tools for the practitioners of ooemninity 
health • 

2,1 DEHNITICa? OV MODELS. 

Mathematical models may be defined as the 
esepresslons involving mathematical relationships • 


eitlier dqu«tioiiii or inequalities * representing 
Tariatoles and parawiters tiiat define a particular 
phenomenon* Of late, there has been growing 
literature on theoretical modelling and some models 
have been constnwted and used for varied purposes in 
different disciplines of medicine and. health* The 
literature on the subject, however, is very variable in 
content and more extensive than one might imagine* 

2,2 TYPES OP KODEIiS, 

The classification of mathematical models 
on the basis of a sound scientific reasoning is not 
possible in view of their wide ccm^lexity* They may, 
however, be categorised into following groups 
considering their mode of construction, nature and. 
uses in various fields* Here, it may be stinessed 
that these groups are not mutually exclusive and, 
in fact, overlap each other to certain degree* Thus, . 
a particular model may be. put easily in more than one 
category. This classification has, therefore, been 
Introduced solely for the sake of convenience in the 
description* An extensive description of all the 
models evolved hitherto is beyond the present scope 
and can be seen elsewhere {Varma et al , 1980 a>i 
only broad groups will be discussed with the help of 
relevant illustrative examples* ' 
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Cl) D®«criptive roodels 

Models which simpljf suinmerize or describe 
a set of data In few numbers or in terms of simple 
mathematical relations are called descriptive TOdels * 
Such models do not atteti^t to elucidate the mechanism 
of a system nor predict future course of the 
phenomenon. These models are useful in the diagnosis 
of community for health paroblems and other 
epidemiologic i^searches. 

A descriptive model for studying the 
relationship between performance or output of the 
maternity care system amongst local authorities in 
England and Wales and corresponding input of medical 
and ancillary jmsources has been suggested recently 
(Ashford et al , 1973)., It considers 88 descriptive 
variables, representing characteristics and general 
environront of each local authority. ®he model, 
besides providing many important epidemiologic 
findings, indicates a close relationship between 
performance measure and descriptive variables* 

A similar model has been proposed for identifying 
environmental Indicators significant to community 
health (Bertrand et al . 1979). After application to 
a stu<^ of child mortality, it has been found to be 
very useful in mmltoxing aiwl health care plamning* 
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^Cll) Pr#dlctiire models 

The«e models elucidate the mechanism -of a 
phenomenon and predict future coiirsee of systems. 

Such models are* sometimes, also called simulation ■ . 
models « Prediction by these models is based on the- ' 
'assumption that the future 'dynamics' of different 
forces will confoaciri' to the present happenings; they 
do not take into account other unknown forces entering 
the scene at the later dates* Simulations are made 
from mathematical aquations, derived from the 
•Plow Chart* • showing graphical representation of 
the mechanisms of phenomena or transmission dynamics 
of the diseases. Suitable epidemiological Information 
is used ' to provide values to different independent 
variadbles to siraula-te desired results. 

In fact, majority of the models evolved, 
aim to make predictions In one way or the other, 
irrespective of the ■ approaches in their construction* 
Models developed by Uemura et al (1971), Cvjetanovic 
et al (1971| 1972), Dietz^ (1976 a) and Grab and 
Cvjetanovic (1975) for cholera, typhoid fever, tetanus 
infectious diseases and cerebro-spinal Kwnlngitis 
respectively, are a few examples of such imadels. 
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(III)' Probablllg-tic and stochastic ntodels 

A random phenomenon is defined as an 
empirical phenonienon that, obeys probabilistic rather ' 
than deterministic laws* Randomness# however# may be 
of two sorts •> tree randomness# and pseudorandomness ; ^ 
(Lucas#- 1964) • True randomness is seen where it ^is 
impossible to provide any ultimate esqplanation as to 
why a given value should taKe place instead of the 
other* At certain instance# however# random 
characteristics of the phencmenon are observed because ' 
of our failure to tabe certain factors into account 
while designing eatperiments# interpreting results and 
building mathematical models* Such randomness is 
labelled as paeudorandomness or 'ignorance engendered 
apparent randomness’* 

A probabilistic im>del is one whose construction 
is based on random approa€tii involving true randomness 
or *ignorance engendered apparent randomness’* Such 
models usually deal with a single random phenonenon 
at a ti)i«* The models of Rewell (1954) and Pike et al 
(1963) evolved for the efficient planning of ©aauality 
wards in a hospital are examples of such oHxiels* 

Further# a random phenomenon that arises 
through a process which is developing in time in a 
manner controlled by probabilistic laws is called 


»t.ochaatic procesE . Indeed, the word ‘stochastic* 
is of Greek origin (Hagstroem, 1940). In sewenteenth 
centuf^ry English, the word ‘stochastic* had the ^ 
meaning "to conjccttare", "to aim at a mark". It is 
however not quite clear how it acquired the meaning 
it has today of "pertaining to chance". A few people 
use 'chance process* or ‘random process* as the 
synonyms of ‘stochastic process*. 

Stochastic processes are, in fact, (^namic 
parts of probability theory in which one studies a 
collection of random variables from the point of view 
of their interdependence and limiting behaviour 
{Bailey, 1964), Mathematical models which deal with 
■stochastic processes are known as stochastic ®K>del8;. 

In other words, probabilistic models where ths 
phenomenon involves many random variables are called 
stochastic models# Development of these models is 
essentially baaed on a set of assumptions whicdn, 
inter alia , ensure random behavioiir of the system 
involved. Stochastic models, at times, are difficult 
to handle in full details, particularly when situations; 
are non linear in nature such as epidemics (Bailey, 1930) 
Examples of s\ich models are those developed hy Hillis ; 
(1979) and Ventia et al (1980 b, 1980 c) for infectious 


diseases and malaria, respectively, and lay Gupta (1973) 
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for follow up of l.u.c.D. clinical trials, ' Surwi^al 
nioilels developed by BecK (1975# 1979) are also of 
this sort, 

(IV) l^terministic models 

Models whose formulation is based on 
completely deterministic approach are Icncwra as 
deterministic laodels * Obviously# construction of ' 
these models does not assume any type of randoranesa. 

Since the behavioiar of most of biological phenomena 
may be regarded as deterministic# such models have 
relatively wider range of applicability, further, 
deterministic models can 'be easily used in non»linear 
situations also. 

Many models of this kind have been formulated 
in medical science and used in its different disciplines. 
The models of Muench (1959), used bf Srivastava et al 
(1971) and Indrayan et al (1970) for the assessment of 
infective force of filariasis and of Meta et al (1974) 
and Diets (1976 b), developed for malaria and helminthic 
diseases respectively, are examples of such models* 

(V) Operation reaearcdi models 

Op&n.’bion i© sisisiitlfi© ©■fcttdy 

effectiveness of operations# an operation being defined 
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as a human actlirity in whi«^ certain set of means 
is directed to aOhieve a specified goal* Hie models* 
aimed to design the operations to achieve, specified 
effeetiveness are known as operation research models * 
Such models suggest how the effectiveness of 
operations can be maximised* In these models* 
effectiveness of operations is xi^asured with the 
help of various indices such as cost-benefit ratio* 
probability of occurrence of a favourable event, ratio 
of present performance to the past and time rate of 
out-put etc. 

Many operation research models have been 
built for their use in health planning and management 
of hospitals* Kramer et al (1979) and Hutchinson et al 
(1979) suggested operational research models for the 
assessment of adverse drug reactions ifiMM.) * Hie model 
(Kramer et al* 1979) is arranged in an algorithm from . 
which emerge scores for six axes of decision strategy* 
The sum of scores* ortULnarily partitioned* allows one 
to rate candidate's ADR as - definite* probable* 
possible or unlikely* A similar model has also been 
brought-forth by Singh et al (1978) for holding down 
the cost of hospitals and clinics* 
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(Vl) Diaqooa-fci^c giodg3.s ■ 

In clinical nie<aicln®, <3iagno»e» of patients 
4«pend npon clinical judgement arising' from sutojeetiire 
impressions and previous e^sqperience of individual 
clinicians* Because of iBan]f points being in favour 
and against for a disease ’in a patient#: it sometimes 
becomes extremely difficult for a clinician to apply 
right judgement for the diagnosis# 'In order to 
introduce objectivity and thus# to make accurate ' 
diagnosis# many models have been suggested and are in 
use# Such isxidels are knoim as diagnostic models * 

These models are formulated by assigning suitable 
scores# in order of importassse# to various signs and/or 
symptoms* The mim of scores of a .patient are grouped 
suitably to indicate presence or othenrise of a 
certain disease or condition* Such im>dels facilitate 
clinicians to diagnose patients for a eert:ain disease 
at least in probability* 

Diagnostic models for many diseases - such as • 
rheumatic fever (Jones# 1944| jyaserioan Heart Association# 
1955)# hyperthyroidism {Wayne# 1960) and endogenous 
depression (Comey et al. 1965) have been suggested and 
are being used widely* 
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(VII) Rational models 

Models, derived In a logical way, starting 
from basic observational knowledge, theory and 
reasonable supposition about physical components of a 
system and their b«^aviour are known as rational models * 
Such models, often predict parametric values of a 
phenomenon for different values of independent 
variables, even for those which fall beyond tSie range 
of data, , iUrther, the best .predictability is attained 
by introducing rationality in models, as much as 
possible* The model developed by u^iura et al. {ISll) . 
for cholera, Dietz et al (1974) and Molineaux et al 
C197a) for malaria and by Cvjetanovic and Grab Cli76> 
for wlioopiog liay .b@ roguriiod a# rsitdloiiiil' 

CVIXI) gmpirical models 

Ml en^lrical model is one, chosen with little 
regard to the characteristics of the system but having 
enough flexibility to reflect sufficiently and faithfully 
the main features of available data, Suc^ models may 
lead to bad predictions particularly, for those values 
of independent variables which fall beyond the limits 
of data but have been used to fit the model. 

The exan^les of empirical models may be 


taken as polynomials of various sorts, relating a 
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dependent variable with many independent oe»*# 
nom epecifically, models of Veirma et el (197?)# 
need to predict malaria endemicity in terms of; 
various raetereological conditions in Jhansi district 
of Uttar Pradesh and' of Chanrasia and Pattanhar (1979) 
for detecting hypertensive patients in a group of 
people may be regarded as es^irieal models* 

Since beyond a certain point, ei^iricis® 
enters .in almost all the imsdels because of lack of 
perfect basic observational knowledge# theory and 
supposition# all mathematical Models have both rational 
and en^irical aspects* 

2,S UTILITY OP imTHEMAIJlCAIi MODEIiS . 

ihe public health inportance of mathematical 
models is very high# indeed. They nre in^^^ortant tools 
for the practitioners of ccaraminity health* Models in 
different disciplines of medicine and health have 
been used for varied purposes* 'Some important areas 
of their application are outlined as under. 

(I) Epidemiologic researrh 

Significance of iiK>dels in epidemiology has 
recently been indicated by many workers (Mtunach# 19S9i 
Srivastava# 197 $i Diets# 1977)* Epidemiology as the 
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sci«nt,ific basis of cSisease pjrevantioa aad contxol, 
bas to explain pseiralenoe and incidence of diseases 
as the function of the corresponding risk factors, 
for instance* in case of ccsninnnicable diseases the 
key risk factor is the contact rate per individual 
per unit of tiiae. Only those contacts are counted 
which are po.tentlally infective* inhere may be direct 
person to person encounters or these may i>e made via 
disease vector* 'The main 'result of the theoretical 
epidemiology is a threshold condition* according to 
which the contact rate has to exceed a critical value 
for^ the stable maintenance of- an endemic disease 
distribution. The critical contact rate is taken 
to be equal to the inverse of the duration of the 
Infectious period of a case* 

The aim of epidemiology can be viewed as tbe 
quantification of individual factors of the reproduction 
rate such as duration- of infectious period# man-biting 
rate and probability of an infection given a contact etc* 
Here* reproduction rate means the number of secondary 
cases* generated by one case diaring Ms entire 
infectious period* An estimate of the magnitude of 
the reproduction rate allows one to assess the efforts 
"fco contxol ojc "to X£ 

the objective is control (i«e« reduction to a 'tolerable* 
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JLeirel), then one needs to 3cnow the relationi^ip 
between «nd«ic level and the reprodiaction rate* 

Shis problem ean be precisely approached by using 
the concept of mathematical modelling* 

Secentlyt many workers (Muench, 19S9i 
Wright# i960? Indrayan et al # 197 0? Cvj etanovic ®t al # 
1972f Rao. et al # 1974, Dietz et al , 1974f Qrab and 
Cvjetanbvic# 1975i Zimmer and Puakin# 197Sf Dietz# I975i 
Berger# 1976? Anderson# 197 6i Dietz# 1976 a? Deohat 
et al # 1978) have designed and used models to study ^ 
epidemiological aspects of various diseases* 

A conceptual model developed by Wri^^t <1960) 
has been utilized by Pless et al (1972) to suggest 
chronic physical disorder as an important condition 
in children which affects their concept# their behaviour 
and ultimately their mental health# thus identifying 
them as *high risk* group for psychological disorders* 
This model further suggests that this sequenos is 
influenced hf other factors in child *s social 
environment amongst which the functioning of the' 
family unit is of major importance* Thus# within this 
*hig^ risk* children# a group was identified for the 
allocation of limited community resources for 
preventive smental health services* . ' ■ • 
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A reversible catalytic laodel suggested by 
Mueoeh (19i9) bas been used by Indrayan et al . (1970) 
and Srivastava et al (1971) to assess the endemic 
force of filariasis in specific .and concrete termst 
ISfie endtfDoicity levels of the disease of 'two areas at 
the same time and also of the same area at tvo 
different tiiaesi, the latter of which may indicate the 
efficiency of control measures in operation against 
the disease 'in the area, were compared* ®i# reversible 
catalytic nKKiel described the situation more closely 
to the observed data in two areas « rural and urban 
( Srivastava et al , 197 1) • 

Epidemiological features of .'-.iminy diseases 
such as - cholera (oemura et al , 1971), tetanus 
Ccvjetanovic et al , 1972), malaria (Mets et al , , 197 4 f 
Molineatix et al , 1978), whoc^ing cou#i (Cvjetanovic and 
Grab, 1976), helminthic diseases (Diets, 1976 b), 
cancer (years et al , 1977) and leprosy Cliedhat, 1971? 
Lechat et al , 1974f 197 7 1 1978) etc have been studied ' 
by evolving re.levant mathematical models* 

(II) Predictions 

Considerable utility of matSMmatical nscdels 
lies in their predictive behaviour* Almost all models, 
by and large, predict the values of some imp ort an t 


parameters* Predictions tlirougli mathsmtatical models# 
hoirever# assxime tihat the fattire dynamics of different 
foxties i«iXl Gsonform to the happeniitgs of the past and 
present and do not take into aooonnt other iiidcnoim 
forces entering the scene at a later date* tlie . 
epidemiological information utilised in the model for 
the purpose of prediction need to be reliable and 
representative of the population to which it relates# 

Cvjetanovic et al (1972) iised their model to 

4« alt# 1419 t#** tllSCiltpl* urtlliiiWfip 

in immunised and nn-immunised groups of new boms and 
in general population* After choosing suitable values 
of SOHO #p|, o luOgi c^i ,1 suoii, n® • ifECcdtim 

coverage* vaccine effectiveness .and initial level of 
endemiclty* they predicted likely values of above 
parameters in successive years after vaccination. 

Berger (1976) evolved a model to study the 
number of foKes to be immunised to stop further aep^iMad 
of rabies in 'an area under certain assumptions* He 
utilised his nodel to sisnilate the weekly incidence of 
rabies in relation to the population density of foxes 
in a specified ajpsta* 

' Fmdietion of annual incidence of typhoid# 
proportion i%) of suseeptibles and of oarriejm# daily 


fore® of infoctioa and daatia rates from tyisiioid ®te 


hmfm Tmm. made recently (crjetanovie et al * 1971)* 
Similarly, leprosy control costa {Iiecliat et al» 1970) 
and incidence rates of infections diseases under the 
influence of seasonal fluctuations iPiets# 1976 a) 
naire also teem simulated uith the help of mafhmatical 
models. . . 

(Ill) Planning of pareventlve and control measures • 

International and national health agencies 
aim to present# control and eradicate# as far as 
possible# the important diseases and thus# to enhance 
the present level of health of the individuals. lOr 
the diseases in lailiich special programaMs are in 
operation# there are alternative methods of their 
prevention vis. inmunisation# sanitation# health 
education and other prophylactic measures and of ' 
control such as : chemotherapy and/or vector-control. 
The question often asked by health planners calls 
for advice on an 'optimal* allocation of resources 
to the various preventive and control nwasures 
available* Often# houever# it is not specified chat 
should be optimised t uhether control# for instance# 
is aimed at reduction in infectiesa# disease# mortality 
or incidence. Oiven an explicit target# mathematical' 
models can profitably be used to specify best methods 
of. achieving it. 
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aecently, utility of raathomatioal mod® la ia 
planning of health ptogramms haa been demonstrated ^ 
many workers {Newell# 19S4| Pike et al # 1963i 
CTietanovic et al# 1971#. 1972i a*ab and cy|etan®wi^^ ■ 
1975# Srlkantaramu et al# 1976) . utilising hospital 
data# Newell (1954) and Pike et al (1963) predicted 
the number of beds that would be required la a - 
casual! ty ward# giving proper allowance to the randcan 
fluctuations in the admissions. Their xwodels were 
found useful in the planning of a casual! ty ward 
effectively* similarly# nradels evolved Cvjetanovlc 
et al (1971# 1972) have been found very useful in the 
organisation of preventive and control measures suOh 
as •• anti tetanus and anti^typhoid i^sniinisation and 
sanitation programoes etc. 

(IV) Evaluation of preventive and control proarawaaes 

Mathenatical sM^dels allow one to siBmtlate the 
time course of prevalence and incidence of diseases . 
which are es^cted for effectiveness of control 
measures. These simulations can then be ccm^red with 
the actual observations in order to estimate the 
actually achieved effectiveness of control measuxes/or 
to test the model* The latter objective applies to the 
situations where the mot^l has been fitted to the base 
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line data only, such that one can not he suie hoif 
well the TOdel would be able to extxajwlate the 
transiBission under the influence of control n^asures, 

# 

l?hus, a careful eiraluation of control programes 
improve the model for the benefit of subsequent 
control programmes. A model is useful only idien it 
can mahe verifiable predictions vhich stay even lead to 
its rejection. This procedure allows scientific 
progress to be made* 

Evaluation of effectiveness of health 
strategies of different health programmes, of 
necessity, by mathimatical models, has been demonstrated 
by different wrkers for various infectious diseases, 
viz,, tetanus CCvjetanovic et al, 1971), tholera 
(U«Kura et ml. 1971), typhoid {cvletanovie et al, 1972), 
whooping cough (Cvjetanovic and Grab, 1976) and 
leprosy (bechat et al , 1977f 1978). Uemura et al (1971), 
for Instance, studied many possible strategies for 
the control of cholera, such as » vaccination, 
sanitation, chemoprophylaxis and all possible 
combinations of these three strategies. They, £<xe 
this purpose, evaluated each strategy by predicting 
incidence rates of cholera in next 10 successive years. 

A stochastic model C<2upta, 1978) based on 
multiple decrement Ufe Table technique with competing 
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fislcs vm constructed recentljf*' fliis siodeX hats he«n 
applied to study the estperienee of a froup of Xadiioi 
women who had accepted X«T7*C*i:?f This model facilitates 
the prediction of retention rates and expectancy of 
l,u,C.D, life taking into account the fraction of ; 
a month spent hy a woman and treating *loss to follow 
up* as a conpeting risk. It has been adrooated that 
this model can well be used for the eTaluation of 
follow-up l.w.c.D* clinical trials* 

CV) Measurement of level of Iwaalth 

A population is generally considered to have 
a lewel of health which rises or falls orer time* 

«» f Am WmAmWm mM*m 

improved health status is a desired goal of 
coiiinunities and of title nation* Health* as defined 
by world Health Organization CW*H*0** 1958) 1# 
conceptually a wide term and because of the fact that 
the notion of health levels is difficult to define 
precisely# the development of an index for 
of health accurately# has been a problem since long* 

, frmciitioaml of tli# of fcNialtli ■' 

of E i^puJLEtAon# Etioli E# ♦ 

#:ipoO'%Etioii of lifo count;# of lioEltili #oirfjico 
ECtifTitJL## fuco EEofni MMb tmvo tJioiir oun 


Xlmita'bions* Accurate and reliable measures of 
healtli of the coroauuity are aeeded to stu<2y tlie cost 
and heuefit of the various ccsnauuity health 
prograuimes* In, spite of nu»»rous conceptual 
difficulties (Sullivan, 19€@) in developing an index 
of health, Chiang and Cohen (1973) constructed a 
mathematical model for the purpose# This model, 
it looks, would measure the level of health of a 
population precisely# 

(VI) Aasessa^nt of risk of getting a diseaae/infection 

InfoxmSi'fcloii O.II Idhs wad tii# wnd 

present evaluation of a disease in a community is 
essential for a valid description of the disease, 
predicting both — risk and prevalence of the disease 
in different population groups. A single laathwatical 
model based on various French epidemiological data on 
tuberculosis has been constructed hy liotte and Vsan 
(1973) to cwlculwt*#- til# wimuwl jpisic of 

tuberculosis in a population# They utilised these 
estimates to coiapare the risk for two years — 19d0 and 
1970 and also predicted the same for the year IfSO# 

Verma et al (1980 b) developed a modal, 
utiliKing stochastic approach to estimate force of 
infoction or risk of getting taen ia in infante 


which was considered constant in nature • An assumption 
was, however, ma^ that this constant force of 
infection can directly be aaeasured in terms of 
effective contacts per susceptible infant per unit 
of time, no matter how : complex the events leading to 
these contacts may be, and that the evid«ie«-of 
effective contacts is proved by blood snwiar positivity 
for malarial parasites# The model which is simple to 
understand and easy to use also enables authors to 
estimate age-specific malaria parasite incidence# 

Similarly, a model of' transition betinMm 
causes of death over a given period of time has been 
constructed (JDamiani and Aiibengue# 1975)# Ten major 
causes of death were chosen and the transition 
probabilitias from one 'to the other causes of death 
between 1954 and 1962 for two sexes were worked-out# 
Ultimately, absolute probabilities by sex^ and causes 
of death In two years 1954 and 1962 were estimated# 

Coat*benefit analysis 

The results of csontrol measures against the 
diseases, obtained by simulatioiis tupm$ indeed, of 
great significance# However, such results can not hm 
Judged on the basis of the effect of control meuMres 
on incidence rates only* The relative costs and 
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benefits have also to be taken into consideration 
since public health administrators will apply only 
those measures which are economically somd and 
feasible* In order to respect economic and logistic 
constraints# the effect of each measure and its cost 
should be eacaslned to deteannine its merits and 
advantages. 

In order to carry-out cost/benefit analysis 
of any control progranane# say,' immunisation against a 
infectious disease, the costs of immunisation and 
treatment must be known, ^^le expenses incurred on 
immunisation are considered as cost and saving in 
treatment derived from prevented cases as benefits* . 
Cost/benefit analysis is, therefore, based on the 
comparis-ons of the money-values of the tao con^nents 
and their difference represents the net benefit* 

Further# in principle, at the time of cost/benefit 
analysis, the total social cost of the diseaa» and 
not the cost of treatment only* should be taken into 
account (Cvjetanovic, 1974) * 

Recently, mathematical models have %fcen 
utilised in the cost/benefit analysis of different 
control programes in respect of many diseases. Vis.# 
typhoid (Cvjetanovic at al» 1971), cholera Cvemuirm at al . 
1971), tetanus (Cvjetanovic at al* 19721)# cerebrospinal 
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meningitis (Grab and Cvjetanoirlc, 197S) and viioopixig 
cough (ChrJetanoiriG and Grab, 1976) etc# As an exajc^ie# 
Cvietanovic et al (1972) have studied costs and 
benefits of 4 alternative control prograraraes for 
tetanus# via*, (4) one mass vaccination# (ii) three 
mass vaccinations at IG-year intervals#, (iii) vaccination 
of pregnant women, (iv) vaccination of pregnant women and 
3 mass vaccinations at 10**year intervals# They# for 
each alternative control progrsaame# predicted effects 
of. the preventive measures on the global incidence 
rate of tetanus cases# cin&ulativ® costs of the 
immunisation .programmes and the cumulative benefits 
accTUing fanom the savings on treatment costs# It was 
concluded# with the help of model# that control 
programme (iii)# namely# vaccination of pregnant wtHBen# 
is the optimum one as benefits vis*a«-vis costs are 
relatively ii©re than other 3 control strategies# 

(VXXX ) Magnosis of .patients 

Mathematical models have been found to be of 
immense help in diagnosing many diseases# Diagnosis 
of rheumatic fever# for instance# is based on many 
ccsaplex points* Jones (1944) developed a diagnostio 
model and suggested a set of combinations consisting 
of different minor and major criteria to conclude alsiout 
the correct diagnosis of rheumatic fever# Wayne (1960) 
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formulated a model to distinguish euthyroid case# ' 
from toxic one## on the basis of weighted score# for 
13 best discrirainatoxy items# derived from discriminant 
function analysis,' patients scoring less than 8 were 
diagnosed as euthyroid^ those scoring more than 11 as 
toxic whereas score of 9 •10 denoted a doubtful diagnosis. 

Similarly# Apgar (19S3) formulated a diagnostic 
model for clinical scoring for asphyxia neonatorum 
which has been found to correlate well# both *« with 
immediate prospects of survival and the livelihood of 
permanent brain dmnage, Xn the model# score of 10 
denotes an infant in excellent condition while a 
gravely asi^yxiated infant would-be assigned a score 
of Eero, A score below € in^tnates respiratory distress 
and urgent need of treatment, A diapiostio model ha# 
also been designed for endogenous depression and its 
response to l,c*T, (Comey et al, 1965), 

ClX) Maximising effectiveness of operation# 

A# indicated earlier# mathematical model# 
developed on operation research approach# maximise 
the effectiveness of human operations for attaining 
a specified goal wildiin available resource#, 

SriVantaramu et al# . (1976) developad an operational ■ ■ 

model to indentify the pxobleias of District 
Xuberculosi# Programme in India, This model suggests 
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as to which class o£ fimctions has to be varied for 
better objective fulfiliBent* Besides enabling authors 
to compare effectiveness of two major activities • 
case finding and treatment at peripheral health 
institutions, it also suggests ways to enhance case 
finding efficiency and improvement in treatment 
activities* 

Further, Nair (1977? has broughtforth many 
points to eni»hasiae that National Tuberculosis 
Programme in India can be made more effective 
applying operation researdb. o^dels* Similarly# 

Verma (1973? has reccmmended the application of such 
models in the 'field practice area* of the Medical 
College hospitals to increase the operational 
efficiency of health units of the area* 

2,4 CONCMJSieaTS, 

In different areas of medicine and health# 
math^atlcal models are of profound significance* 
However, models developed so far are based mainly on 
deterministic approach# Ihose based on probabilistic 
laws/stochastic approach are very few* Moreover, 
availabla iiKtdeXs are# bF end 'large, computer»bas«d., 
having t»en formulated mainly by the workers of 
developed countriesi depending upon their resources 
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and disease patterns. Some models, therefore, are 
not of much use in developing countries lilce ours# 
either he cause the epidemiologic behaviour of the 
diseases and their patterns here are relatively 
different or the eoniputer facilities are not in 
abundance* Attempts should be made to formulate 
simple models, particularly those based on 
probabilistic/stochastic approach, tahing resources 
and conditions of the developing countries like ours 
into accotant* 

Further, there are many problems in assessing 
any model for its general applicability. baOk of 
adequate data forms major difficulty in ■teis regard, 
l^hus, there is a need to undertake surveys to make 
relevant data available* Such data can be obtained 
from control projects for «hlch careful evaluations 
are planned* After a phase o£ base liiwr data 
collection, the model can be fitted to the local 
situationsi projections of likely intervention effects 
can be smde later con^ared with the actual 
observations, ^e success would, however, depend upon 
the close cooperation between epidemiologists and 
model builders (Diets, lf77)* 



BiiiF EwmmzQum ow 
mmmh mD miAiah HcmLB 

Mala]ri«, in Sndin* is n laajor public 
piroblnaa* l^e disease causes inorbiditF 'Mfit^ a 
considerable load of aioirtalit:^ • Before tiie national 
Malaria control Prograitroe (H»H«C.P.) was undertaken 
in the country# it was estimated that *75 million 
people suffered from malaria and about B lakhs died 
directly due to it in normal years* However# in 
epidemic years# this numl>er would alsiost double* 
(Oovemiaent of India# 1976), Encouraged by tbe 
results achieved in the PTOgranase^ (M*M*C.P*)« 
Qovernment switched over to the national Malaria 
Eradication PrograBwae (n,M*E*P*) in the year 195B* 

The load of positive cases of malaria was drastically 
reduced from 7S million per year to about 1 laMi per 
year in 1965. 

The Prograimeie (n*H«S*p»># however# laegan 'to 
have set backs after 19 6S due to various reason# . 

Some of the iu^Kartant ones were - Ci) insecticide 
sprays could not be oarried*out according to schedule; 
in view of delayed receipt of in^orted insecticides 
following the closure of Sues Canal in 1965# 


ill) malaria mosquitoa (Seveloped rasistance to D.D*T*, 
thus# necessitating alternate insecticides like B.K.C* 
and Malathion which are costlier and needed in greater 
quantity for effective use# . (iii) cost of insecticides 
went up feramanriintif i y after the oil crisis# and 
(iv) people *8 co-operation in accepting insecticidal 
spray decreased* 

in 'recent years# despite the continuous 
antimalaria efforts of the (Scvemnent# country has 
shown i]3c reusing incidence with time* In order to 
check this malady# a greater attention of health 
professionals# especially of epidemiologists and of 
health statisticians looks to be an urgent 'need* 

Malaria situations in the coimnunities are 
usually measured with the help of simple statistical 
indices* The indices# such as - sple-n rate, 
parasite rate. Infant parasite rate# proportional 
case rate# annual parasite index (A.P*!*)# annual 
blood examination rate {A.l.E.R*)# cause specific 
death rate and recovery rate etc are# thus# in use# 
However# the phenomena of the disease have not been 
studied utilising random concepts hitherto* There is# 
thus# a need to investigate the meehanism of various 
epidemiological aspects of malaria using stodUastie 
approaches* 
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Malaria is a cosamunieal>X« ^saasa aausad by 
sporoaoan parasites of the genus Plasmodiuro anti 
transiaitted to maua by certain species of ' infected, 
female Anopheline mosquitoes. The disease is 
characterized clinically lay periodic chills and fewr# 
enlargement of spleen and secondary anaemia wilh a 
tendency to relapses. 

(I) Agent 

Malaria in is caused by 4 species of the 
malaria parasites • P . vivax . P . falciparum , P.malariae 
and P» ovale . Of these, P.vivax has the widest 
distribution throu#iout the world. In India, 6S-6956 
of the infections are reported to be due to P.vivax; 
21-30% due to P. falciparum and 4-8% due to 
infections (Park and Park, 1977). p«malariae has a 
restricted distribution and is said to be aresponsible 
for less than 1% of the infections in India. P» ovale 
is a very rare parasite of manf it is mainly confined 
to tropical Africa and Vietnam (W.H,0#, 1970). 

(II) liiie history 

Malaria parasite imdergoes two cycles of 
develoioBsnt the human cycXe (asexual cycle) and the 


mosquito© cycle (sexual cycle)* Man is the 
inteannediate host and the mosquitoe is definitive 
host* The asexual cycle begins when an infected 
mosquitoe bites a person and injects the sporossoites , 
The sexual cycle is initiated when an Anopheline 
mosquitoe capable of transmitting malaria (vector) 
feeds on a malaria patient. ' The asexual forms of the 
parasite disintegrate in the stomach of mosquitoe 
while the sexual forms continue further develojwnent. 

(TIT) Reservoir of infection 

A person who harbours the sexual forms 
(garaetocytes) of the parasite is the reservoir of 
infection* Certain conditions are* however* required 
to be fulfilled before a person can serve as a 
reservoir i (i) he must harbour gan»tocytes of both 
the sexes in his blood* (ii) the gametocytes must be 
mature I immature forms do not undergo further 
development* (iii) gametocytes must be viable in the 
sense that if the patient receives an antimalaria 
drug, the gametocytes lose their viability 'Or 
infectivity to mosquitoes and* (iv) the gametocytes 
must be present in sufficient density to infect 
mosquitoes. 


Civ) Period of coratnimicaMIity 


Malaria is comntunicaMe as long aa matiira 
and viable gaiaetocytes exist in tbe cironlatlsf blood 
in sufficient density to infect mosquitoes* In yivax 
infections# gametocytes appear in blood 4»5 days after 
the appearance of ' asexual parasitesi in falciparum 
infections# they do not appear until 10-12 days after 
the first appearance of asexual parasites* further# 
it 'is usual for vivax and ovale malaria ta relapse 
more than 3 years after ■the patient's first attacdc* 
Jtecurrences of falciparum malaria usually disappear 
within 1-2 years* P*malariae has a tendency to cause 
prolonged low level# asyaptomatic parasitaeraia. 

This infection is Imown to persist for more than 
30 days. 

Cv) Mode of transmission 

Malaaeia is transmitted by the bites of 
certain species of infected# female# Anopheline 
mosquitoes* Hie mosquitoe is not infected unless the 
sporosoites are present in the salivary glands. In 
nutshell# the conditions necessary for the transmission 
of malaria are i (i) a reservoir of infection# i*e*# 
the presence of individuals with the sufficient number 
of mature viable# male and female gametocytes in their 


blood, (ii) tbe presence of sufficient nnaiber ©f 
atleast one species, of Anopbeline raosqialtoe is 

capable of transmitting malaria, <iii)' favourable 
climatic conditions for tbe development of sexual 
cycle in the insect-vector to live long enough to 
allow the sexual cycle to be completed, (iv). the 
presence of susceptible hiiman beings to whom, the 
infection may be transmitted. 

Apart from mosguitoe bite, malaria may be ' 
transmitted by blood transfusion (Irue-Chwatt, 1074). 

In drug addicts, it may also be transmitted by shared 
syringes (Hall, 1976| Britii^ Medical Journal, i976'), 

(VI) Incubation period 

A certain period of time usually,, lapses 
between the entry of disease agent and onset of 
clinical signs and in the patient. Ibis 

period is known as incubation period . 

In malaria, the length of time (incubation 
period) between the bite of an infected mosguitoe and 
the first attack of fever is usually not less than 
10 days, ihis period mcy« however, vary according to 
the species of parasite* Usually, alsout 12 days ajoe 
reguirad for the developsient of I* » falci psucum infection. 
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13 -IS days for Ptvivax and F, ovale # aad upto one month 
for P.malariae infection. 

(VII) Trea-taaent 

Hhxmm sorts of treatment - presna^tive# 
radical and mass , drug therapy for controlling the 
disease in the communities are generally used in 
malaria. Presun^tive treatment is based on the 
assumption that every fever case is due to malaria 
tinless proved otherwise* On this assujoption# a single 
dose of 4 chloroquine tablets <600 rngm) for an adult# 
and proportionate doses for children# is administered 
to all fever cases* 

If the blood slide is positive for malaria 
parasite# radical treatment is given, in India# the 
standard treatment is based on a S*day regimen of 
chloroquine in combination with primaqtiin* onder 
revised strategy# mass drug therapy has also been 
recommended in areas where annual parasite index 
(h*F*I*) is between 5*>10 cases per 1#000 population. 

i#2 MAltiyUCA HOKhS SO FAR. 

Shortly after Anophelinas weie shown to carry 
malaria bv Ronold Ross# many studies on different 
aspects# vis*# imunology# entomology and i^idemiology 
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Of malaria were carried-o\at in different parts of 
tiie WDrld. A few quantitative studies on the subject 
{Ross# 1911i MacDonald# I950f 1952 and Rao et al # 1976) 
are also available# However# the literature dealing 
with the development of raath®Batical models and their ^ 
applications to the various aspects of malariology is 
considerably deficient* Some available models of 
malaria are indicated# in brief# here, 

Ross (1911) evolved a iiodel to examine the 
apparent correlation found between tim number of 
Anopheline mosquitoes and infected persons in a 
locality, MacDonald (1950) assumed that the 
happenings should also include the effect of 
superinfection and thus# extended the basic theory of 
Sir Ronald Ross, MacDonald (1957) later developed a 
mathematical theory of the transmission dynamics of 
malaria by assuming that mosguitoe population is 
stationary and that# proportion of bites on man which 
are infective to the mosquitoes is the same as the 
proportion of human population affected* A stochastic 
model# assuming that the restiltant effect of factors 
influencing the iqjread of disease from one generation 
to the other be regarded as a random process has also 
been formulated (MacDonald et al, 19 6@). 
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Najera (1974), however, broughtfortii many 
laeimae in the MacDonald (1957) model of malaria 
epidimaiology» He applied MacDonald's model to the 
data collected in a N«K«0* Malaria Control Field 
Research Trial in an ajcea of northern Nigeria and 
found that observed results were in great variance 
with those predicted by the model* He, inter alia , 
concluded that, MacDonald's model represents 
epidemiological knowledge of 1950* It is heavily 
overloaded with the entomological variables and many 
relevant parasitological variables have not been 
taken into account* Thus, ■Qiis model might fail to 
measure precisely the epidemiological situations of 
the disease in a population in respect of j^ny 
variables under present developing knowledge of 
malaria epidemiology. 

Full and Crab (1974) applied simple and 
reversible .catalytic TOdels of MuenCh (1959) for 
studying incidence and prevalence rates of malaria 
parasites in infants* They found these models to be 
fit to predict malaria-rates in infants satisfactorily, 
considering constant risks of infection and of 

ot al (1974) developed a cosputer- 
simulation model considering deterministic approach 
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and tested its applicability and suitability in 
African Savanab. Tlie model defines ? transition 
states of the dynamics of malaria and consists of a"' 
set of mathematical equations, simultaneous solution 
of which provides values to many parameters desired. 

A similar t^pe of computer-simulation model based on 
stochastic approach has been constructed by Rao et al 
C1976), The model has been used in P.vivax 
epidemiology considering arbitrary values to different 
parameters available in the literature. 

3«3 bACimi m availabijB maxarxa mods^s. 

It may, thus, be seen that only a few studies 
on malaria are available where mathematical models, 
based on stochastic processes, have been applied. 

Mot only this, the available models, in general, are 
so complicated that their use seems difficult where 
computer facilities are not available. With 
recrudescence of malaria in some countries including 
India,' the patterns of disease need be studied talcing 
present epidemiological knowledge of the disease into 
account. The use of random processes in studying 
epidemiological patterns of the disease is Important as 
the assumptions of the deterministic systems that, with 
a given set of initial conditions, only a single sequence 
of events will ensue, may lead to unrealistic 
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conclmsions • further, during disease generation, 
variety of factors may intervene to alter the spread 
of disease to the potential victims of next generation. 

Thus, there seems to be a need to develop 
simple stochastic models and apply them for studying 
epidemiological patterns of .the disease. Such models 
would enable one to study malaria situations at micro 
as well as macro levels easily* particularly in those 
situations where facilities of compters are not in 
abundance. 
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ESTIMATION OF 

MALARIA PARASITE INCIDENCE RATES 
IN INFANTS FROM LONGITUDINAL DATA 

Thm plaiimiDg of px&ventlvm ma.sur@s against 
cosmmnicable diseases requires both — a good knowledge 
of natural oourse of these diseases and reliable 
information on the actual values of ^in factors 
involved in the transmission processes. For a disease 
like malaria# study of its quantitative aspects# such 
as «• transmission of infection from vector to the man 
etc is essential. Assessnent of malaria situations 
in a region on sudh an aspect is generally made by 
estimating malaria parasite incidence rate in infwats 
who are considered to be negative for malaria 
Ci.e. free frcmi malaria parasites} at birth* Here# 
the two methods one based on Stochastic approadni 
and the other based on Idfe Table approach — are 
illustrated to estimate suc^ rates in infants. 

4*1 STOCHASTIg APPROACH . 

jUm longitudinal studies cm malaria in infants 

itir® co^pOToiily I50 tli# iaciditic# jtiiIi# tlw 

disease* The newborns# however# ccmtract the Infection 
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as grow old and cone in- the contact with the 

disease agent* In holoendsniio and h^fperendeioio areas*' 
the estimation of ‘force of ■ infection* acting on tl» 
population of an area or rate of • effective contacts* 
where ’effective contact* is defined to awan contact 
with aetiologic agent of sufficient intensity to 
cause infection in a noirtnanune individual# can well he 
done toy measuring rate of disease acquisition* It 
would# however# require follow-up of large number of 
new-toorns. A simple stochastic model for estimating 
infective force of malaria and its age specific 
incidence rates in infants is formulated considering 
a few assumptions* 

4 * 1.1 hssmwsicms. 

%mt a cohort of infants toe studied for 
presence or otherwise of malaria parasites in their 
blood longitudinally* Supposing that infants* 
erx>erience with the disease agent can toe recorded# 
we make following assumptions* 

(i) Each infant of the ec^ort is susceptible to the 

iiiin^4*c|.« ilkflit ' 19 liri m 

(ii) Infants are equally lil^ely to contact the disease 
a^nt end ' to respcmd to such contact in any giweii 
manner* SuCh assuf^tion clearly In^lies that all 
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genetic and cultural subgroup# witiiin the 
cohort are equally susceptible to Idle infection. 

(iii) Acquisition of infection by one infant of the 
cohort at any point of time does not influence 
the probability of infection by the other# 
f*urther, consideration is given to the cohort 
which is embeded in the larger population to 

the asstnnption that disease agents are constantly 
present in the environiassnt. 

(iv) Ihe members of the cohort are esiposed to a 
constant force of infection* this is# in fact# ■ 
a gross over sinplification of a complex set of • 
factors. However# under stable* malaria 
conditions# this assxmption is quite reasonable. 

(v) She constant force of infection or risk of 
getting parasitaemia can directly be imasured 
in terms of effective contacts per susceptible 
infant per imit of time# no matter hew complex 
the events leading to these contacts nay Tsmt 
and that the evidence of effective €iontact8 is 
provided by blood smear positivity for malaria 
parasites. 

* under stable malaria conditions# the variations in 
the human parasite reservoir are small sand their role 
in the transmission of parasites can easily be 
neglected. 



4f 


In fact., the above assumptions represent * 
deliberate aiii®>lifi cation of the qoHi>lex factors 
involved in the epidemiology of iBaiaria, 

4.1,2 THE MOJEb. 

Suppose the newborns are examined for 
presence or othescwise of malaria parasites in the 
blood by conducting follow-up surveys at suitable 
intervals. Since, the infants who are free from 
parasitaiSDia at age x « 0 inhere x is measured in terms 
of days, will get primary infection after certain 
life-span {or age), we denote this continuous period 
of age prior to the infection by a random variable x» 
bet 'a* be the constant instantaneous force of 
infection and for every infant, the probability of 
effective contact in a small time interval of length 
Abe a A. Now considering distribution function of 
age at infection, 

<x) • P 4s 

■ : m Probability that an infant would meet a 

primary Infection prior to or at age x. 


I* 

0 
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Howt eonsM#** interral (0» k ) and corrasponding 
diatirilantlon ftinetion# ihartlier» for a nmthom to b« 
infectad for the first time at or l«ifor« age x + 4 , tui 
must either he infected before age x or be free from 
infection within Idle interval (0, x) and be infected 
in the interval (x# x +A) * Therefore, 

(x + a (x) t fl - Pjj. (x)3 fa 4+ 0 (aQ 


whmre ‘a* is the force of infection in terms of 
•effective contacts* per susceptible infant per unit 
of time and a At 0 (A) is the probability that an 
infant free from infection at age x is infected in the 
interval Cx, x +A), Therefore, rearrangii^ CD# ve get# 


Fjj, (x t A) •* (x) 

A 


apt -- Cxf[ + 0(A) 

A 


Taking limit and letting A— t'O# we have the differential 
eguation# 

d Py * ®I? * *x ^^0 

r (31* fxl r' 

/ . / a to + C, C is a const««:. 

o l*l^(x) o 

,Jli ' , . 

or# / 

Log [l - (x)^ » a X ♦ C 


4S 


initial condltioiia# 

l> Co) w 0 'Witan 3C * 0 and ttius# C • 0* 

liiw 

T^«raf0jr«# 

t mm S? § m ^ ^ 

** ^ m 

or, 

fjj, Cx) w 1 - «* ® * 

Hore, £c»r Jmoim ^altie of *a*, iraiuos of Cr) oan to 
worked^ont for different x*o from (2) easiiy, S)iu«, 
fimotion 7^ (x) eiil eetimate oumdatiira age spool flc 
maioria parosito ineidonoo rate in tlio pc^iiiation» 

!lSMi p*il«£» of X will be, 

(x) • fjj (x) • « o'* * *, X "y 0 I : 

* 0 x /.. 0 1' 

xbe Kiean age at primary infeotion iKiii bot 

M 

S Cx) • J X (x) dx 
o 


/ OOCiOC m 

X • dx 


on 




<4) 


so 


4«i«3 MmumTim ot fiuiiiiieixa. 

Bapposd ^llcnriog set of data is 
for « ocdiort of 

■p 

iCj^ I ^e at prinarf iofeetitm or tlie aiid«*p3iiitt 
asaooiated Kith the itia a9tt«iate.nnil. • 

I' Nuishar of auacaptihie infants idio oould raaiadii 
isii*iiifeet«td at tiia end of the foilOKMtj^* 



t 


iMher of primaxy infections nithin idle ith 
a^e^interrai • 



t 


llniii!t&r of i(dthdri^ Kithoot heing infected 
in the ilh intexrai dim to closure of the sti»dy • 


fhen» parimiter *a* can easliy bet estlnated 1:^ 
the method of i BwiK i iyejim iilcelilmod as foiions# 


sera* tile prohahiJLit^ that m infant Kho 
vithdraws is not infected to age xl is e** ^ the ^ - 
prohaMJLity density that an infant is infected at 
age is a e* ^ ^ and that hs is not infected daring 
entire period (0* x) of oheer eatliO ii f i«e*# till oloeure 
of the study is pj^. • e* ®. 

s^lnSia miHL issiMi aii 'Wtt'iSnif tiiityia iiMSMhr iB «h mes-jim' « Jm Wm, m 

Wm JL.3LmMiJUfK^m PKCmMi Smt §s^Wwm 

s„# ii_ 1^11 he 

■■ m§ ' , ' • 
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Ii « IlUp^)®x (a®*® 

ini L ^ 

» {q*®)*x Ilfcae”^ 

j,w].L 


t W n 

^i) (« ® ^1 J 

^ a ^ -1 

=^1,-1 U--l)-l] 



log a 



Hp 111 


t 




Diffejraatlating with respact to 'a* aii^ putting tt log tf*Q 

^ a 

W® get. 


/ 


/ a 


i»1 


®X '*' ) ^1 •♦•NX, W 

£„ i L. ^ 


y~ T 

mmmt 


Thus, a * 


i*l 


S + 

«JC ' 


^' '" ®3f t 


X, W„ 
i X, 


•CS) 




' yi Xiiiii i 

Putting / * T„ in (5), we haw® 

i»7 ^ 



Thus, the maximum likelihood estimate of intensity of 
risk or force of infection *a* of malaria acting on the 
population under ohserration is equal to Hie nue^r of 


' % 
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infeotions, occurring during the p«riod of 
observation (O, x) divided by total length of 
un-inf ected age, enjoyed by the newborns dtirii^ 
the entire pericxl of observation. 

4.1.4 APPUGATION OP MCDSl. fO 1!H1 HUMlHICAb OAm. 

Application of the model for estimating 
incidence rates in Infants wuld require data on 
primary infection of malaria in them. Such data can 
};>e obtained only by undertaking longitudinal studies 
on a group of newborns and then examining their blood 
for presence or otherwise of malaria infection at 
suitable intervals. In India, because of many obvious 
difficulties in such studies, proper data on primary 
infections in infants are not available for any part 
of the country. In such circumstances, the model was 

itppli^ci *^0 i,,li ' 

W.H.O. Pleld trial (Pull and arid>, 1974) of a new 
insecticide in Kenya. Shown in Table 4.1. Somi details 
showing calculation of force of malaria infection *a* 
acting on the population of that area have also been 
given in Table 4.1. 

Umxm, value of ‘a*, the daily force of 
infection oC malaria, worbed-out from (d) is O.OOfp. 
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iii<aicatea that 69 infants got ts»^ malaria 
infeotion daily for every 10# 000 population of 
newborns, ©le mean age of the acquisition of the 
disease 'is calculated to be 4,83 months# indicating 
that all Infants in the studied population were infected 
from malaria by an average age of 4,83 months, 

The source of data unfortunately# did not 
reveal details on number of infants who were dead and/or 
•lost to follow up* at different ages. Thus# column 
fifth of Table 4,1# showing withdrawals at different 
ages also includes cases dead or those 'lost to follow up*# 
if Jii' siicsli e tii% exact estiiiiafcioii of 

from the formula (6) is# indeed# not possible. The 
calculated value of 'a* (i,e, 0,0069) would# thus# be 
an under*^8timate of the infective, force and may# 
therefore# adversely affect the fitness of model to 
the observed data, 

©)e age»specific cumulated rates of new 
malaria cases were derived from observed age^specific 
monthly parasite incidence rates (shown in Table 4,1) 
in an initial cohort of 10# 000 newborns (Table 4,3), 

Table 4*2 also depicts GOH®>arative study of otwerved 
and expected monthly parasit* Incidence rates# 
estimated from the model formulated* 


TABIE 4,2 

gxpect©d aga~a;E^ci.fic cminila'fceel iaa.la3ri.a pacasi.'fce i.Rci.d.eiic6 yatss laaaed oa 
stocfaagtlc nK3<lel in a cdhtort of lO^OOO new-bom*. 
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Rate adjusted on the assun^tlon of IS-day incubation period* 
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Curres on oJaafiinred and th«ox«-tical ag«- 
speaific malaria incidance rates have l:«an shoim in 
Figure 4,1, Uhese curves, by and large, do not itoow 
much deviations! the trend of both the curves beii^ 
closely similar. The model may, thus, be taken to 
simulate actual observations, nwore or less, 
satisfactorily* 

The model, however, seems to over-estimate 
and underestimate malaria parasite incidence rates at 
early and late ages respectively. Such observations 
indicate that our assuiiption of constant force of 
infection, acting on the population is not quite 
appropriate. The lower risk of acquiring infection 
observed in the first imanth of age is probably due to 
lengthening of pre-patent period by Mtemal antibodies* 
Further, observed deviations, to some extent, in 
parasite incidence rates, might have also been 
contributed by the possible under-estimation in the 
infective force of malaria* It is, however, thought 
that the formulated model would provide better fit to 
the observed malaria situations if the appropriate data 
with relevant details are available* 
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4.2 LlgB TABUS APPROACH . 

Long toefoire tii« fie'velopinent of raod«ini 
probability anil statistics# people wro concerned, 
witb tbe length of life and they constructed tables 
to measure longevity, bife Tables are generally 
designed to study the mortality esiperience of a 
group of people from birth until last imrson dies. 
Although# such tables are the product of actuarial 
science# their application# which was previously 
considered somewhat limited, is now increasing 
considerably with time. Advances in the theoretical 
statistics and - stochastic processes have made it 
possible to study length of life frcwB purely a 
statistical point of view# malcing bife Table a 
valuable analytical tool' for demographers# 
apidemiologiats and for many others (Chiang# 1958) « 
Here, an attempt has been made to illustrate the 
application of such a table for estimating malaria 
parasite incidence rate in an infant population. 

4.2,1 METHODObOOir. 

In order to use bife Table methodology for 
the present purpose# its general concept wdll have to 
be sll#itly modified. ■ 


ss 


il) <S»ngral. 

Let thete be a group of newborns wbo are 
free from malaria at the time of tbeir birth but 
susceptible to such infection afterwards* Hewboms 
are studied longitudinally for malaria parasites in 
their blood for specified period of time from a will 
defined aero point* When the time of observation ends, 
it is seen that morbidity data on malaria for certain 
infants are incoBi>lete. Various factors contribute 
to this incon^^lete datai some infants* at end of the 
study generally remain un**infectedi soma of them die 
in view of hi^ infant mortality rate* particularly 
in developing countries like India* from the causes 
other than malarial and a few are *lost to follow up* 
because of many libely reasons* ^ese sources of 
incomplete information must be taben into consideration 
while estimating malaria parasite incidence rate usin^ 
Life Table methodology* 

Ibr preient purpose* a group of newborns under 
observation is regarded as oxm large cohort* beginning 
wiHi' age 3c "• 0* where x is measured in terms of months* 
Hierefore* the number of infants who contribute to the 
first month of life are those who had entered in the 
study during the entire period considered* for example* 
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say# 13 montJia, numtoer contrilmtliiQ to tli« 

second jEEionthi of Ilf® consists of those followed-tip 
for at least on® month or those who had entered th® 
study during the first 11 months of th# year* those 
who entered the study in the last irKsnth of the year 
are due for withdrairal in the analysis in the first 
month and those idio entered the stu«2^ in the month 
prior to the last month are due for withdrawal in 
the second month etc. 

FurtherrMsre, every newborn included in the 
study is subject to the risk of being *lost* or dead 
and only a few of them would be withdrawn in any 
class-interval* Conse< 3 uently# *lost* and withdrawals 
belong to two different categories and can not be 
treated equally idiile calculating incidence rate of 
the disease* thus* the Host* eases in such studies 
should be considered as one of the risks con^tix^j 
with the riik of disease* 

(II) Notations and definitions 

¥ariou8 life lable functions which may be 
adapted and used here are defined below* 

X I ige of the infant in monthi {x« x •f n> is the 
age-interval taken into ixjnsideration* here 
n ® 1 • 


KX 


3.^ M Nimber of infants entering in the stu<^sf 
at age x* 

T 

n X I Htanlsor of prinary infections of roalsria 
during age interval (x« x + nK 

n^x I Humher of withdrawals in the interval Cx# x 

I Sffective number of infants exposed to the 

risk of lari a infection. In the stxidlos like 
present one, intervals considered are usually 
short (here, it is of one month only). ISie 
infection rate may, thus, be considered to be 
uniformly distributed over intervals. .It may 
further ^ be assumed that infants withdrawn 
contribute, on an average, only half of the 
interval to the study. She effective number 
at the risk of malaria infection at age x woiild, 
therefore, be the nuiriber at the beginning of 
interval (x, x n) less one half of ‘the number 
seen at the end of this interval. 

Or, • 1„ • Cn'*x)/2. 

n%c I Probability that an infant aged x will be 

infected from malaria before reaching age (x 4- n) 

or. n«x - n*yi/_ 
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wPx t 1 - n^x. ads is th® proportion of nn-infect«d 
infants at the «M of the interval {k, x 4- n). 

I Cuittulative prohability of an infant toeing 
free fisom malaria from birth throtagh the 
inteanral (x, x 4- n)* 

Or# P„ *» n^o* n^l. n^2 •##*♦»* n^x • 1* 

Qjj I ^**^x 

Here# the percentage value of cximulative 
probability function would provide cumulated malaria 
parasite incidence rates toy age for infants* 

The data# utilised here ^for the p\irpose of 
present illustration# have been derived from a 
longitudinal study# carried-out during preparatory 
phase of a w*H,0* field Trial to test a new insecticide 
in Hyansa Province# Henya CJ^l and arab# 1974)* 

4*2*2 APPLICATION Of Hfl TABLE fCETHODOLOOT TO TOT 

HBOTBiCAL mm* 

me valixes of various parameters defined in (IX > 
of Section 4*2*1 can either be seam directly from 
dAtM CUT h% ' using jCaitiniIs# 

already illustrated in larevious Sections* Table 4*3 
shows values of verious Mfe Table parasmiters# used here 
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Clfl^LATlVE MALARIA PARASITE INCIDENCE (%) 


OBSERVED AND EXPECTED CUMULATIVE MALARIA 
PARASITE INCIDENCE RATES (%), ESTIMATED BY LIFE 
TABLE METHOD IN INFANTS BY AGE. 


OBSERVED 

» ^EXPECTED 




to osti.iia.to aalatia paraaito inddenco ratos* ‘SIm 
aotuai comparison of tli® two rates - obsenred and 
expected • by age has been given in f'ible 4*4 
as well as in Hgnre 4*2* It may be seen that 
estimates on cumulated malaria parasite incidence# 
based on Mfe ^e.able Methodology are guite close .to ..... 
the observed data* 

Ihe observed rates and those estimated by 
Life Table Method are quite close to eac^ others 
however# soiae differences are visible at certain 
places* This is more apparent in case of extreme 
age*^roup8* The l4.fe Table Method uiider**estiniates 
malaria parasite incidtmce rates in early age-groups 
and over-estimates in later ages* This could have 
been because of ta t.lon of data available used 
here* outlined earlier# in the studies libe 
present one* the informations on *lost* cases and 
withdrawals i^ould be dealt with separately for the 
calculation of values of different parameters* In the 
data# unfortunately# information on 'lost* cases was 
not available separately and was mixed, with withdrawals 
This might have contributed# to some extent# to suc^ 
an observation* it is# however# thought that# had the 
appropriate details been available with data used here# 


the iJ-fe Table Methodology would have estiiaated 
laalairia parasite incidence rates more neairer to the 
observed data. 

4.3 DlSCUSfflCai OK Till TWO METOODS. 

The estimation of malaria parasite incidence 
in infants has been a difficult problem since long. 

The two methods • stochastic Model and hife Table 
Methodology • based on longitudinal data provide tools 
for estimating such rates. In spite of some limitations 
of data used in the illustration of the two raetdaods 
for the p\trpose« both approaches • stochastic Model 
and liife Ta^le Method • measured the actual malaria 

Ttm structure of the im»del« develop^ here 
is almost similar to the single catalytic model of 
Muench (1959)# evolved on the basis of deterministic 
approach* Estimation of parameters in Muench (19 §9} 
model requires lengthy calculations and a chart which 
he has developed j^r the purpose. The present model, 
on the other hand* is very single to understand and 
feasible to apply. The estiaation of only pararaetuir 
*a* from the observed data is also quite eaiiy. 

Ccmq^eratlve obeervations on age*speci£ic 
malaria parasite incidence rate#* estimated by the 


CUMULATIVE MALARIA PARASITE INCIDENCE (%) 


COMPARISON OF ESTIMATED CUMULATIVE MALARIA 
PARASITE INCIDENCE RATES (%) BY TWO METHODS 
— STOCHASTIC MODEL AND LIFE TABLE METHOD 
ViS-A-VIS TO THE OBSERVED RATES. 




Stochastic Model and Mfe Table MethcKS ir4»-a-iri* 
the actaal rates obsenred in the area can be saade 
from Table 4,4 (figure 4*3), Oraphlcal presentation 
of data (figure 4.3) repeals that siodel arer**estiraates 
such rates in early months and under-estimates in 
later months of their ages* The life Table Method* 
on the other hand* estimates somewhat higher rates 
in every age-group except for those infants she are 
below 2 months of age. The rates# estimated by Xiife 
Table Method# however# se«uu to be relatively closer 
than those estimated by the model inspite of 

WM mmmm Wmj mm W# mm 

an indication that the coosidered assumption on €K>nstant 
*' force of infection* irrespective of age is not very 
appropriate. Furthermore# the lisiited details 
available with the data might have influenced results* 
based on model to a greater extent than that of Life 
Table case* Because of limitations of data# exact 
comparison of results is not possible* It is# however# 
pondered that both the methods would estimate obseacved 
parasite incidence rates 1:^ age more closely than 
those at present# in eases inhere data ■would provide 
all required details. 

The selection of stra'tegy for control/ 
eradication of malaria is generally based on the 
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exp@eted effect of technically feasible intervention 
methods and their co«t* h mathematical model of th® 
epidaniology of malaria may rationalise this selection 
by allowing the quantitative cos^arisons of tiM 
relative effects of different intervention methods 
and their combinations. ®ie present attempt may, 
therefore, be a ' significant contribution in this 
regard, further, the 'methods sijtggested here may be 
used for describing actual epidemiological processes 
and for predicting the expected incidence of the 
disease in a non-itamno® population then vmriations 
occur in the force of infection •> either under natural 
conditions or under the influence of control measures# 
^ey may also be used as a basis for estimating the 
degree of reduction in the * force infeeticoi* to be 
brot:^ht«about by intervention measures in order to 
achieve targets set in advance. 


A*********** 
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maht HAL^JCEA FAJtMXIS XMCXOIMCI 


AHO BSCOVSET mUSM 


MfO TRANSXTXON FROBABIUTISS XM (SHBRIO. POPOLAXICii 


mOH liOKOXTOIlSliAX. DATA - A STOCHASTIC MODIEIi 


CONSXOEBXHO THO STATES ONLY 
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SSKEMATiaS Of 

IMLY miASIA PAKASIf® IHCIDBNCK 
AHD HECOVlRy RATES 

AMO TBAMSITION PROBABILITIES IN CENERAL POFULATS OH 
PRC3M LONOITUEENAL OATA - A STOCHASTIC MQIMIL 
CONSIDERING TWO STATES OTL¥ 

' Qumati-fication of iraxloiis epidemiological, 
aspects of sialariology is is^irtant for studying ttie 
extent of pnablem and evolving measures for its control 
at local as well as at national lei^ls* Malaria 
parasite ineidezuse, recorery rates and malaria 
transition probabilities are useful statistical 
parameters « frequently used in t l i# quantitative studies 
on tbe epidemiology of tbe disease* 

Malaria parasite incidence rate or huraan 
infection rate is defined as tbe rate at wbieb 
‘negatives* are transferred to ‘positives* via 
incubating state CDieta et al, 1974). In other words* 
it is the daily roaan number of bites inflicted on any 
individual by mosquitoes* infected with sporosoites 
which are actually infective (MacDonald* i9S7)* This 
gives the proportion of human population receiving 
infective Inocula in a unit of time. 
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file recorer^r rate is defined {Had!>onald« 19S7 ) 
as the proportion of peopie affected from malaria wtio 
would revert to ^e free ixtm malaria state in an 
unit of tLme* fo be practical# affected group will be 
that shcmirg parasitaemia at the time of eseamination 
of blood* As the termination is usually gz^teil with 
increasing intervals of freedom from parasitassoia ' 
{Pampana# 1969)# the recorerF rate represents the 
increasir^ probabilitF of being free from parasitaemia 
when examined* 

Incidence and recovery rates of the diseases 
are estimated by conducting longitudinal studies* In 
malaria# such rates can be estimated by studying a 
homogeneous group of population for the presence of 
malaria parasites in the blood by aonducting follow-ups 
at suitable intervals. An assumption will# however# 
have to be made that# between two consecutive surveys# 
only one type of transition — from ‘negative * to ■ ^ 
•positive* in first case, and frc»n •positive* to 
•negative* in the second case — is possible. 

Here# an attend is made to suggest a 
Stochastic Model with only two states for estimating 
daily malaria parasite incidence and recovery rates ; 
from longitudinal data* fonmlation of the model la 
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based on th» assisnption that saaqpled indiTldimls, 
studied initially are catered# in toto# during 
subsequent follow-ups* 

S.l ASSOMPtlOHS. 

let a population# boiaogeneous in nature# 
be followed-up at suitable internals aaid cases of ^ 
malaria be detected at eacb surtey witb a standard 
metbod of blood examination, following assumptions 
are made* 

CD Indiwlduals of tbe population are at risk to 

suffer from malaria during idle period of t^ir 
obsertation* 

(ii) At any point of time during a giten period# 

individuals can liave only two states — and 8 ^* 
being parasite i»gative state or simply 
'negative* state aiKl ^2 beii^ parasite positive 
state or simply 'positive* state. 

Ciii) Individuals' transitions from one state to the 
other are independent of their past transitions# 
if any and# they are transferred at a constant 
rate from one state to the other* 

(iw) fhe probability iiia^i»g one transition ** from 
neoatiire to positive or vice-versa ■** in a eiiK r le 





lanit of time is very small aad that probahlllty 
of making more than one traaasition in a nnit of 
time is imigXigihle. 

(v) All iiKH-viSnals# studied initially for malaria 
are csovered, in toto« during suhsegueixt 
follosr-ups. 

5.2 ®WI MODBl,. 

Aocording to the' results of hlood examinationt 
individuals of the population can wall ha catagoriaad 
each time in one of the taro defined states • and Sg* 
Without loss of generality* the tina point at the first 
observation can toe taken as aero and at subsequent 
observations as t. t being masured in terms of days. 
Individuals* during the period (0* t) will travel 
continuously frcffii state Sj, to Sj# for i* j •» 1* 2 
(Figure 5.1} • Individuals' transitions betsNMin the 
states would be governed by res|}ective intensities of 
risks* defined as fallows. 



,# 



1 % 


The probi^ilities of transitions from sta'to to Sj 
at any point of time % , for ^ ^ ^ 

defined, as# 

P [individual in state at ti»e Z vlll be 1. 

State S 2 at time TT+ aJ • aA+ 0 (A) 

9 j^lndiridoal in state at time T ’will he in 
state at time'S’-i- A^ » toA+ 0 (A) 


[ 


Individnal in state at time T will remain in 
same state at time 'Zi^-fAj^l-aA-OCA) 


I? I^lndiwidual in state at time % will remain in 


saitB: state at time ^T-tA ■*l-toA*0(A) 


An individual in state at t » 0 may he in 
any one of the states at time ti the oorren^nding 
probabilities will satisfy followinf initial 

conditions. 


Fj;j(0) • 0, for i ■ J i 
*' I 

m %, for i I* J i 



Considering contiguous time interrals (0# t) 
and (t« t *!> A the differential equations are 
obtsdiMid as# . 
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(t + A> - it) (l-a/i) + * 

i 

^12 + A ) * 3^4" C1“1j A 5 4* ®{A) I 

i j 

I 

Pgj^ (t + A) * {i-aA > 4- P22^t> ^^ ■** * 

, . * 

^22 + A) >• **22^^^ Cl-bA) + ©(A) | 



Rearranging equations given in (3) and t^ing limit 
as A •— ^ 0, we have 


^ P, , (t) * 


51 


Jl p 


21 


(t) *. 


^t 


•■a Pj^l^Ct) 4- h I 

I 

I 

a P|i(t) - b Pjgtt) I 

I 

I 

-a ^ ^22^^^ I 

I 

I 

a *■ ^ ^22*^^^ ^ 



Equations (4) are linear first order differential 
equations with oomtmt coeffioients and thus# ' 

have solution of the form 

** ^ij i# J ** 1* 2 5 ) 

Substituting (5) in (4) ind rewriting them gives, / 

Cjj^Cr 4" a) ■• ®22 b *“ 0 0 

.1 

JP •!» ]|bl^ *»* 0 1 « w*f i i i» i #w « i i «i w i i.* i» C ^ 


?4 


anS 


C^j^Cr + a) - Cj |2 to “ 0 I 
+ b) “ C21 a » 0 i 


Silica ( 6 ) and (7) aza tlie Xinaar a]fstams# tiia ^ 
non-trival solutions of C^^*a imuld axist only If 
the deteminant 


(r + a) - b 
- a (r 4 * b) 


*» 0 



Solution of ( 8 ) gives two values of r, denoted toy 
and Tg here as follows, 

rj "* © and r 2 “ -*{3 + to). 

Xt may be seen that in C€) and (7), coefficients 
“ij eorresponding to eadh value of (for k <• I, 2 ) 
are related as follows. 


^llk 

®12k 


^k4»b 

a 


b 

*k+a 


h. (say) 

' Jm ' 


and 

.3.»- ■ „ , _i_ 

^2 Ik ® *'k4'b 


• Ijp (say) 


fi 


Reai'i'aoging ana putting the value of Q... in {$}, 
the values of two constants Aj^ ana ate work«d**out 
as 


*1 ■ T 5 ^ 

and 

*1 * TaiSiT 


-*^2 bTa5¥T I 

I 
I 
I 

®2 aTa 5 ST i 



Using (9) in (S>, we finally obtain transition 

p jTCitoBitoi Jlitii 'ij (t) as follows* 
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12 


21 
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(t) 

Stt 

b. 

a+b 


.a ■ 

9k+h 

m 

{a+b)t 

Ct) 

flR 

a 

a+b 

- 

a+E 

«» 

m 

(atb^t 

(t5 


b 


b 

. 

{a+b)t 


a^ 


a+E 

e 

(t) 

m 

a, 

atb 

4* 

b 

a4*b 

m 

0 

Ca+b)t 


i%0i 


Ott 



jl-« -(s+bHj 

t W 1 - 


• Q*Ca+hHj 

1 1*22^^^ • 1 - 

m # jr#ii JP C "fe* J 

and ^21^^^ provide the prolNdyilitles of 


transfers froai ’negative* state to ’positive* state and 
viee*versa cespeetively# individuals in terms of rish 
parsmiters a and h from one point to tiMi other. 


5*3 ESTIMATIOI? Of PARAMETES. 

flitt statistic«X problem is to estimate risk 
parameters, Sefiimid in the model, bet the population 
be oonsisted of initially N individuals. Consider 
each study unit of t}i» population as an independent 
trial. On liie basis of blood examination results* 
every individual at initial and subsequent followup 
is classified in one of the two states — and Sg, 

We further define and iJg as the number of individuals 
detected to be^negative^ and positive! respectively# 
at ‘initial survey out of S individual# examined, 
Sii^larly# li |^2 ^21 defined as the number of 

•positives* and •negatives* , jwispectively# detected at 
the second survey out of those found negative (H^) 
and positive respectively# at the first survey, 

An individual in state at time sero must 
be in any one of the Sj states at time t. Since# 'tdiis 
process does not have any absorblr^j state# %fe have# 

If and 12 ^ initial probabilities of an 
individual for being in state 8|^ and @2 states 
respectively and ^ transition probabilities 

of trans;^r ircm state S|^ to 8j during period t# the 
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iilcellhood of path of in<aivi«2»al« of tlio population 
will b®. 



whara C ia tha csonatant not dapanding upon paraaatars* 
TaMxm logasltlm on both tha sides of (11) and 
differentiating with respect to 
tha aguations 

11 1 1 ^^ 1 nt Q an^ « i^. i l;SS.. . i£ s . w m 0 give 

'w‘t) - 4f- - *» { 

I 12) 

A ^ 

» fgj (say) I 

**2 

liara« tha two atatistlos f^l and astiiaata unhlasadly 
^21^'^^ raapeoti'waly* In tha theory of 
aatlMatlont thaaa aatimatora are hnown mm itBlUi aatinatas 


fi 


(Fix and liayaan, Finally* tlT» risic paraawitara 

and < 


a and b can ba astlmatad in terms of and 


Second and third equations of (10) from (12) 
can be writtwa as, - 




a pd 


b p, -Ca-i*b>tl _ - 

a+5 J ^ 


I 
I 
i 
I 
I 
I 

21 I 


(13) 


Solving equations (II) for a and b in terms of 
f |2 ahd fji, have 


A 

a 


A 

b • 


log Cl*-f^«**f«,)| 

1 

I 


.„( 14 ) 


f. 


M. 


t ( f 1 ^ 


I 

log (l«»f j^) i 


IQiere are, in (14), two riSks parameters — 
a and b* fhes® are, in fact, infinitesimal transition 
probabilities* If time unit chosen is snfficlantly 
small, these may be interpreted as transition rates 
per nnlt of time. Since, here, time imit has Iwwi 
considered to be a day (of 24 hours), a and b ix»nld, 
jlli £ib8it# lb# ly amH 

lecovery raises rsi^ectiTeily* ■ 


Umrm it is of .intore^t to not® tiwt 
ostimation of a and h tmm (14) 1» positibla osnljf 
whan €^2 **■ Z*. l*ow©¥er, a situations may tak* 

placa idiara f oijreumstanBas, 

it oouM b« intarpreted that eithair tha parasMtats 
wa«® not constant as assumad in the £K>dai or tha 
process was not Markovian* However, eu^irically 
where the sem^le sires are not very small, tha casa 
of ±22 * ^ would seldom take plaea* 

S«4 APPU:CATl(»i OF Tm MCDlh. 

Illustration on application of tha siodal 
davalopad he're, reofuires relevant data Mmm 
lonfitudinal studies* Since# the type of data 

j. tilit Imjpi^ oo'^JLil. hc^ bw im.## 

'vC PUlir WCmPm PH. 

published records on the subject# an iiivasti 9 ati<^ 
had to be undertaken# keapizag our requirements of 
data in mind# It was carriad”»out in total jpopulatlon 
of two villages in district Shansi with tha 

available time a *» d resources* ifhe methods of survey 
and other relevant details are elaborated in 
Cliapter VZ33:* 

She observed frequencies of tyrsnsitlMS «•: 
fxosi iMiJaria nagativa siunia to «*e^eTi . a posltiva 
atatMl and vi«a«*vaisa are given in faJsla S*i« 


enciea auad ast^Lgated d»i3.y malaria 


















toaiysls shown in it considers only cases who could 
be studied for malaria in the two consecutiire surveys* 
Estimated daily net malaria parasite incidence and 
recovery rate# are also given in Table S • 1 . 

Results in respect of incidence rate 

indicate that in the area studied, alx>ut 9 individuals 

per 10,000 population — about 12 males per 10,000 

males and about 7 females per 10,000 females, got 

fresh malaria infection including relapse, if any 

per day* as far as clearance of parasites from blood 

in the area was concerned, about 2% ‘positives* •• 
about 3^ males and about 2 % females •• transferred 

to tlwj •negative* state daily, incidence as well as 

recovery rates were relatively higher in males than 

females* 

Table $*2 gives observed malaria parasite 
rates based on 3 surveys (Surveys I-III) fear males 
and females separately. About 4 persons were observed 
to be positive for malaria per 100 population. It may 
be seen that expected equilibrium parasite rate 
( a / (a t b) > is exactly the same as was actually 
observed* However, results in respect of actual and 
esqpected equilibrium parasite rates differed soiundiat 

A . 

for the two sexes* The inverse of b, here, may be 
inteaipreted as *eei[gpeeted duration of a positive episode* 
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It wm of about 34 days for raales against 58 day® 
in ease of females* on an average, eajpected 
duration of positive episode in the population 
studied was observed to be 4$ days. 

Probabilities of transitions from malaria 
positive state to malaria i^gative state and vice-versa 
during one month period - observed and estimated - 
from the calculated values of risk parameters « are 
given in Table 5,3. it may be seen that tlui two 

A A 

estimated transition probabilities 

are almiMft the same as actually observed. 

5.5 Discussa;c»i. 

It has been well accepted that "most 
statements intended to convey precise information 
are capable of some mathematical developments* 

(Bailey, 1951). Further, the discussion that whether 
the epidmiology is an area of application of 
mathematical models hm» ocmvinciiigly been maswered 
in affirmative (Bailey, 1957 1 Madlonald, 19i7i 
Srivastava, I9ti)'* 

The model developed here is based on certain 
basic assumptions tdtich constitute sis^lification of 
the situation. The assumptions made herein ammidrnr. 
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that, parallel to the force of loaiaria Infectioni ' 
that acts at a point of time in the population, there is 
a reversible force too? and ‘positives' bec€»e 
'negative' or vice-versa at constant rates# Such 
assumptions are acceptable only when time unit 
considered is small# Aasuaption on constant rates of 
transition in a unit of time is relevant, as here, ■ 
time unit has been considered to be a day. 

®ie model should have been applied to a 
population, homogeneous in nature as iragards exposure 
and insnunity. Xn fact, in our case, model vas applied 
to the population, defined on the basis of sex and 
area only, and no consideration of age could be made# 
This could have been because of very small nimher of 
positive cases observed* Indeed, increase in age 
also increases immionity, to some extent, against 
malaria in the individual (Full and Grab, 19'?'4) thus, 
indicating that infants and children might be more 
susceptible to malaria than adults and older people# 
Therefore, the population to idiich our loodel vas 
applied can not be treated hcmogeneous strictly# 

The derived results might, thus, be only grossly 
precise# 

Pull and Grab (1974) utilised simple and 
reversible catalytic models, develcqped by Hueneh (1959) 
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t© study inoculation and pr^nralenea tatas of 
malaria in infants* two mathode basad on 

stochastic- processes and Life Table approach hafe 
been suggested and ii^plied in Chapter IV for this 
purpose in infants* population* The present method 
enables one to study transition probabilities and 
daily malaria parasite incidence and recovery rates 
in general population* However, the incidence of 
malaria in infants, studied by present method may be 
higher than that estimated by any of the two iMthods 
suggested in Chapter ZV| the reason beic^ that ^thui 
present method includes relapses, if any, in addition 
to fresh infections while our earlier method takes 
into account new infections only* similarly, the 
estimated recovery rates includes- true recovery and 
latency, if any* further, both rates — iaeidiwiee and 
recovery -and transition probabilities are baaed on 
patent parasitattsla as assessed by standard metihiod of 
blood examination* 

Model provides satisfactory results in 
respect of monthly transition rates. The expected 
equilibrium parasite rates, estimated by the model 
were exactly similar to those actually observed. The 
'expected duration of positive episo<te* was estimated 
to be of 43 days in the area* Xn malaria, caused by 
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f » vlvax and p , falclparmn ^valueg of sncii parametar* 
are of much significance* fhese may be useful , 
indicators of intensities of transmission JMid of 
immune status of the popitXation. 

^e results of present investigation are 
based on small .san^le, in which studF-individuala 
were not selected randcwmly, 'Bils oould have been 
because of limited time and resources available with 
us* Our results, therefore, have certain limitatloiis 
and certainly can not be gwierallsed for bigger 
populations. However, they may be tahen to be: true 
for the conmunities, resembling in nature witi^ that 
Studies d. by v&m . Fmrtlisx# wi iu nwipl# aia® in 

9 Sal 4*4p.rlN>tS ts l44eyiwiilM#l#w 

precision of the estimates, however, at the sanw time, 
it may dUcrease homogenecity of the sample. 

The present i«>del does not take into account 
the risk of *lost to follow<*up* cases and considers 
only individuals idio could bs studied in both the 
consecutive surveys* The estimated transition rates 
will, therefore, be *net transition rates*. - 

Our model was applied to the parasitological 
data on mlaria without considering different malaria 
species, Different species of malaria often have 
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considerably different epidaDuiological features 
and as such* the mdel should have been applied to 
the data pertaining to the specific malaria species 
separately, it was# however# done in view of only 
small number of positive eases of smlaria observed, 
in our field sturver* 

fhe model# developed and used here# is of 
great utility in understanding transmission mtcdianism 
of 'the disease and in selecting optimum contjcol 
strategy to conCbat the malady in a population. It can 
also be used for describing actual malaria 
epidemiological situations and for predicting 
expected transition rates and probabilities of 
transitions in a homogeii|>u8 population when variations 
occur in the force of infection • either natural 

conditions or under the influence of control 
prograumtes. It can also be applied to other 
epidemiological problems# such as « other parasitic 
diseases# that lend thnnselves to the description bf* 
the same model, using concept of reversible fowse 
and constaih; rates. 




CHAPTER VI 
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Xm RECOVERY RATES 


FROM i4»iciiTiiiaMAi« mm — cmmuKSATim of 



ISHIMIktlQli OF 

DAIJQY MAIAHIA FAHASIfflil INCIDINCE 
AND KECOVIRY RATES 

Am TRANSl!IICaJ FROIAMDITIES IK OENERAL POPUDATIOW 
FROM MNOETUmHAL DATA — COKSIDSRATICM CJF 
•LOST TO FOLLOW-UP* CASES. 

in Oia.iptt#? V# n st:oci!iiA8l;i.£S li&s ]98wn 

suggested for the estimation of transition rates of 
maXarie from folXoiir-up studies# oarrie4«>»out in general 
population. TiMi method outlined prorided a siiqple and 
praotioahle tool for sttidying malaria situations in the 
area. The suggested sendel# hoveirer# is based on the 
assuoqption that all indiuidtials who had been initially 
examined for malaria are oovered# in toto# at Knbsequent 
follow-ups ihich is seldom the case. 

In deireloping countries like India where 
literacy rate is still vmxy low# the task of oonduoting 
field studies involving blood collection for examination 
of total population is notoriously difficult indeed. 

In rural coinminitlea of India# despite the sincere 
efforts investigators and high motivations# the 
satisfectory coverage in the field-surveys is usually 
not achieved and that# in subsequent follow-ups# 


A significant proportion of th« population, atudiad 
initially is often ’lost to follow-up* in wiew of 
many reasons — »aould not be traced because of being 
dead*, ‘roofed to some other place permanently*, 

‘not available at the time of visit* and ‘available 
but refused' to cooperate* etc» Such individuals 
form a category ckS 'lost to follow-up cases* « 

Individuals who were detected to 'be free 
from malaria initially are at the rii^ to suffer from 
it durirg their ^llow-up periods* Similarly, those 
found positive for malaria in the first surrey, may 
not show any evidence of positive parasitaMiia in 
blood at iheir subsequent follow-ups* furthermore, 
because of reasons indicated in the previous pammraph, 
each individual of the population, irrespective of 
his state at initial survey, besides being at these 
two risks at the time of subsequent follow-ups, is 
also at the risk of ‘lost to follow-up*. Consideration 
of such a risk may be made while estimating 
epidemiological rates of malaria from longitudinal 
studies* Here, earlier model idiidh is based on mly 
two states has been extended to consider ‘lost to 
follow-up* ease as the coBq>eting rihk* 
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6-J- WimT ME1!HeM3 OT M^PRQACH * 

6,1.1 ASsuMmcais. 

l«tt loagltudinaLl im cx>iiductftd in 

a hOHiogenaous populstioii dialng defined period of 
tirnoi we consider following assnn^tions. 

Ci) Individuals of tlie population under stud;^ are 
exposed to the risk of nalaria during the 

period of ohservation. 

■!■ ■ 

Cii) During the time of follow-up of the studied 
populatioBt risk of 'lost to follow-up* is 
present* Ihus, it is aseumed that a few cases 
idio ii^re studied initiall]/^ are 'lost* during 
the follow-up tii». 

Ciiil Individuals* transitions from one state to the 
other are independent ' of their past transiticms, 

: ■ if any.' 

(iv) ^e probability of making one transiti<»i *- 
/ from negative to positive state 

•lost to follow-ijp' state, m fnwm positive 
state to eoy of the rest two defined statee — 
in a single unit of time is very small and that, 
pxoMhility o£ making more than mm traneition 


§3 


in a single unit of tiioe is negligible* 

Ibis assumption clearly indicates thatt in an 
unit of time# only one transition from one 
state to the other can tahe place. 

(v) Malaria infection and ■vector are constantly 
present in the environment. 

6*1.3 ms MODBL. 

liSt t be the length of interval iMStveen time 
points of t%ro consecutive surveys such -that the changes# 
if «ay« in -the probabilities of risk during this period 
may be neglected, further# this interval may fiurtlier 
be divided into# many elementary tlme«-intervals of 
leng-th't^ « These elementary time^intervals are 
considered to be so idtort -tlvid; an individual ia^pK»sed 
to various risks sasets with only one risk during the 
interval t # This assun^ption in longitudinal studies 
on malaria is^ quite relevant as one single dsy 
(24 hoursi may easily be taken as T* 

We postulate following 3 states* 

I state of beii:^ free from malaxla* 

Ba t State of b o-ing positi-ve for malaria* 

% i of tooiiiO •l0#% to follonwyp^ 0** 

■ ■ ■ ■ ' ' ' ' ■ ' '■ ' ■ ■ ' 

from the causes not connected with malaria. 


FLOW CHART OF A MALARIA MODEL BASED ON THREE 
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flitt posaibiXitifts of -transi-tions frooi oatt 
state to the other my be shown grai^caXXy as 
indicated in figure 6#i« The system of states is . 
easily tznderstandable * At stibseguent follow-ups, 
an indlTidnal idio was initially •positive* or 
•negative* my remain in the original state or leave 
original state and join malaria negative and positive 
states respectively? he may be ‘lost to follow-np* 
or dead from the causes not connected with aalarle* 
The transition probabilities durix^ the period of 
observation will depend upon t and intensities of 
risk. Such intensities are considered to be constant 
as given below. 



( 1 > 


Mere# constants a and b are related with 
frequency of transfers between states# thMm, a greater 
value of these constant intensities will nwan freguent 
transfers from states to Sj and their sero value 
will indicate that transfers are not. i^ssible. 



Th« intensiti.®#, in generad# and particmlarly in 
cases iwhair® the considered tine unit is large axe 
functions of tisMi. Howeirer* here# their hatre hecn ' 
considered to be independent of tiisB* This 
assun^tion# is quite releirant as t is aeasured in 
terms of days ehich is' so sKaail that changes in thwi# 
if any, may be neglected. Further, for the purpose 
of simplicity, the time point of initial survey is 
considered to be aero and of subsequent follow-up as ti 
the length of period (0, t) may, thus, be denoted by t, 

Following steps, envisaged in the Oiapter V, 
the Kolmogorow differential equations of probabilities 
of transfers from to Sj may be given as. 


.2- * — Caj+a2) ^ ^ 

"i)fC I 

I 

'5/t' i 

I 

* •'(bj^+b2l F22^‘**'^ "•* ^ 

^ I 

I 

"^rt. 


m 


The initial conditions for equations(2) are. 
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(2) are linaar first order diffejcwntial 
eguatioaa with eoastant eoefficieatai they may liaire 
a aolatloa of the form. 




*=ij« 


rt 



Suhstitutiag (4) la C2) aad solvlag, 

6 jj^Cr J • ^ 1^12 ** ^ 

^ 12 ^^ **‘>1 ^ ^ 2 ^ • H^ll • ® 

and 

^22^^ + ■** “ ^ 1^21 ^ 

Cj^tr + aj + a^) - bjCjj - 0 


we obtain 


I 

I 

i 

I 

I 

I 

I 

I 

I 

I 

I 


Equations C5) will hare an unique solution# only iibea# 


<r + >1 + * 2 ’ 


•ba 


(r -t bj^ bg) 


IK Q 


Solution of determinant giires two waluea of r# denoted 
her®, by r| and r^* 

• - I (a^^a^'i-bj+bg) 4* | /(a j+aj-b^-bj)* + 4ajbj 


,j - - I (a^+aj+bj+bj) - I yca^+aj-bj-bj,)* 
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Since in <5)# coefficients C^j are related for eacli 
value of ty, (for Ic » 1, 2), they* after rearranging, 
can be written m 


^llk* \ <=22k * ®k «1 «2> I 


^12k * *k ®1 


^ ®21k ** ®k 


( 6 ) 


Where Aj^, and Bj^ are two arbitrary eonstants# 
Utilising values of C^j frcwa (6) in (4) and using 
initial oonditiona of {%), mt get following values of 

il|^ e , ■ ■ 


^ \ 


! 
I 

*2 “ ®2 “ fr^-rj) { 


(7) 


fhe transition probabilities are, thus, obtained as. 


i 





IS 


3:2^^) 


®1 



22^^^ 

aM 

1 

HP 






1 

v-l 


r-t *r*it 

I e» H 4 


i 

I 

I 

I 

I 

i (a) 
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Siniilajcly, probabilities of transitlOTS from 
state (for 1 * 1,2) to Sj is a tentiiaal 

state, can also be easily worked-out* -to individual 
who is in state Sj|^ initially aiay reacsh thS' state of 
•lost to follow-iip* either directly from or by way 
of Sg. Similarly, an individual in state S 2 at time 
aero may pass to S, in two mutually exclusive ways '**• 

MP ' 

either Sg or Sg ^ S^, Furlher, the 

individual who is in 8^ at time t might have reached 
Sj at toy time prior to t» We consider infiniteeiael 
time interval (t^ 'i'+^l) for fixed T, 0 ^ t . 

r * "” v f " ' " *» 

0 T T+dt t 

the probabilities of transitions that an 
individual, who at time eero is in state and Mg 
respectively will reach S| within time interval ; 

( t , T+dt I will, thus, be 

ajFijC'T >dt -I- bgfjjC t )dt I 

I 

and I — — — (9 ) 

the transition prchebilities tod P^.Ct} may be 

mm ' ■m-m' ' 

written as, 


m 


'%» “Ifel 

W -t* P^gCr )dr I 
o o I 


/ Ijn. * 

I»22('^ HT &2 J ^21^ ^ I 


(io) 


Substituting value© of fmm (8) in (10> and 

intagrating, we finally obtain# 


- Trpfjr [<V‘’l+‘’3> j 

• 4- 3t2®*^2;^) 4- C2'i-3C’2^ 

“ Tr^-r^) ' |j“l+®2'^*’l> . e'l*) I 


(ii) 


Xt may be seen tliat tbe transition 
probabilities# 

Fji^Ct) -t *‘1 

and 

^21^^^ "t ^22^'^^ ^22^^^ ** 1 

Hera# agnations derived in (8| provide a 
raathod fox estimating transition rates of naiaria in 
tbe presence of risic of *iost to folloifiip*. !fltosa 
probabilities P*4 (t) would provide# in feet# 
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‘crude rates* ca: ‘gross rates* of rlsik* Here the 
adjective ‘crtade* or ‘gross* enqphasizes that tiie 
conto»®>lated transfers from to Sj is affected hy 
other risits ooi^peting with this particular risJc. 

Wmst for exan^sle, under the assirooption that m ' 
individual originally in firee-from"-*Ralaria state# 
duLring time t, is subject to risk of transfer to 
malaria-positive state and thence# to ‘lost to follow-up’ 
state* Xn the similar fashion# another individual 
who is positive for malaria in the beginning# during 
the time -period t is subject to the risk of becoming 
•negative* and then being ‘lost to follow-up** 

Naturally# the presence of risks 3 , S., S* and 

4 ^ ^ S-' 

§2 — — t Sj d®ainiahes the risk of transfer of 
individuals from Sj — ^ S2 and Sg — ^ respectively* 

Itirthermore# ihe decrease in the risks ^ Sj 

is artificial as it depends iipon freugencies 
of losses and has nothing to do with the risk of 
suffering from or getting rid of malaria* *he case of ' 
the estimation of net malaria transition rates has 
already been discussed in Chapter such rates 
however# can directly : be derived from present gross 
rates# as given below* . 


The net Malaria transition Rates* 




tlifi net probehility is defined (Chiang, 19®8) 
tts the pjpsbatoility of happening of an ev«nt if the 
specific risk is the only ri^ in effect in the 
population, Conirensely, it is -tiie probability of 
occurrfoice of an event if the specific risk is 
eliminated from the population. Thus, l^re, probability 
of transfers frcmi Sj^ — ^ Sg and Sj laiider -^le 

assuB^tlon that risks — ^S| • $2 Sj « t# would 

provide net malaria transition rates respectively# 
with risks of transfer 8^ and S 2 ***^ being 

eliminated, Ibr sis^lieity# we denote such rates# 
during time t# by 2 $ *" 

These are readily obtained by putting a^ * • Q in 

equations (S), Het miaria traxisition rates sore, thus# 
obtained as 1 


**12i^^l3#23 * 
®2|I^^13,23 “ a'jJbj' 


1 - 


] 

] 


I 

I 

\ — -( 12 ) 

I 

I 


It may be seen that probability ^ 12 , ^^^13# 21 
^21 ^^^13 23 same as the prcdiabilities 

and Oispter if intensities of ri^ 

«l and b| are replaced by a end b respeetiirely. 
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Such rates are of utmost signifleauce la the 
eiraluatioa of the effectiveness o£ dlffereat tyiwts 
of malaria control and eradication profrainnes* 

d*l*3 0? PAUJUfflTlR* 


in a |»opulation of sise if Ki he the 
number entering the state for i « 1,2 and be 
the total transitions from to S^,.. for i * 1, 2 and 
j “j^l, 3, then the likelihood of the observed path, 
will be. 



faking logarithm on both the aides of equation (II) 
and differentiatir^ partially with respect to 
and respectively, we get followiz^ equations# 




? *^12 


m 



0 



Writing, *^a*®2l“^2l *11 *“* *22 

respectively, and 

1 • Pjj|(t) •• F|j(t) and 1 • Pg|^(t) • P^jCt) for 

and fespecti'^ely, we*, after rearranging, ein 

write equations (14) as# 




^12 * ^12 J 

I ™cis) 

iU^ • ®^3.2^ "*' **13 *^12^^^ * **13 i 


Solutions of equations tl5) leads to tlie aiaxiisiisi 
liJeelihood estimates of as given below t 




H 


ii 


%1'*‘ **i2 ■*■ **i3 


or 



for i « 1«2 
J * l,2#3« 


SstiiiHitioii of risk |>araneter8 in terms of 
observed values is essential to work’-ost dailsr isalaria 
transition imt^s* X4.ke cSiapter V, an attengpt bore also 
was made to oarry^out maximum likelibood estisuites of 
risk parameters • a and b» However,, tboy did not 
seem feasible in view of voluminous calculations 
involved. An alternative method was# therefore# 
considered* 


ALy»BIIAg1« METMCa? Qg APFROftCH . - 

the method of approach# detallad above is 
based on eustomanr scheme for follow*»itp studies* It is 
siss>le to understand and provides formulae for gross 
transition pr«h«Miities in tensi of Intensities of 


ios 


rialcs from one state to title other. The caXeuiatioiui 
involved in the estimation of risk paramaters# 
however, seem tia be volnminonsi the method# thus# 
does not provide practicable formilae for eatimating 
daily malaria gross incidence and recovery rates. 

this method of ai^roadti considers 
possibilities of sailtiple transitions freaa one state 
to the other within any givvm interval# The method 
is based on the assna^lon that only one traBsitl<wa 
during tiie period (0# t> from one state to the o the r 
is possible# It is assumed that our £ollow»a$» 
procedure will be able to establish# out of initially 
•negatives*, a mm^ber remained negative 

without having suffered from a relapse ' or a frestet 
malaria attack # A secoM category with nuidser llj_f 1^3 
of persons who suffered a single relapse or fretih 

ftalarla .mcihidi.ty and, at the .conclusion., of... .the psarioft 

of observation were in Sj . W© also eapect it to be 

possible to dstermine the Ihird fregiueney 

were *lost to follOtf«>iip* in view of several reasons 

Ht fee '■ 

similarly# with regard Kg liho ^wNsre 
initially •positive*# we hope to establish successfully 
different categories of persons# Thus# in the similar 
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fashion, fijcst catagory will he consisting of ** 2^22 
persons who at tii^ t were still in S 2 without hawing 
had any_malaria free life . ^2^21 denote those 
who had single transition frcaa to S j|^ and at the tiiae 
of conclusion, were in finally, **2^23 

those initially ’positive* cases who had been ’lost to 
follow-up* at time t* 


As stated earlier, is the nundaer entering 
the state and being ' the number of transitions 
from state to Sj* Since only one transition from 
one state to the other is possible during CO, t), 
frequencies ^22 ^^ ^23 easily be interpreted 
as ^1^13 Similarly, 

frequencies II 22 # ^ 2 ^ and ^ 2 ^ would be equal to ^2^2i* 
^2^21 ^2%3 ^*P^<3tively» 


Suppose i stands for either 0 or i, and 
J >» 1,2,3, If 1 is any non negative integer, then 
the symbol would represent the probability 

that an individual while in Sj^ will be transferred to 
Sj exactly 1 times between interval (0, t> and at 
time t. he ,^11 be feme! it Sj. ,«rth.r. einc. per 
assuiiq>tion of maly one transition between (0, t), 
ensures that more than one transitions are not at all 
possible, 1 will take only two values 0 or i. «ius, 

f •fcl ' 

only two types of probabilities — 


lOS 


(tJ 

^ij#l imaurral (0, t.\ with tha 

following initial conditioas* 


**ij*l®^ « 1, » 0# foa: i * j 

and 

- 0 . - 0 . *ot i J * J 

Following steps envisaged in Chapter V, tlie 
probabilities of transitions at any point of tii» 'ZT # 
for 0 L.% from to Sg and @2 ^ 

defined in terms of risk parameters a and b 
respectively, 

iS"" "' " ""'' '' ' t C't A 


Mow, considering contiguous time interval 
Co, tX an d C t, t 1 4 the probaJ^ilities 0 ^ 

I 4p4* h I 

and P, 4 * • for i,J » 1,2 can be eacsstessed as follows 


W 


CttA) 


11*0 


Mi' 'iSl 
mm 


it ) 


ii ,0 


9. 


lUQ 


U ) 


" ^ 11 , 0 ^^ *^*2 * ® * 

Subtracting t:^ sides of tlws 

equation (1) and taking limit as A — ^ 0, we l»ve 


9t 

Similarly, 


n (t) 

p *^22.0 


'U.O 


<*> ♦•>2> 'aa.o 


(t) 


ca) 


In ti» adiailar fashion, 

j, it* A ) . p Ct) p 
*^12.1 **11,0 ^2*1 


+ p p (A) 

^ ^12,1 *^22,0 


“ •'u.o'^’ [bj.‘+0(«)] + ,^2.1 
X f-b2A-b2^-0(.,] 


(t) 


I 

I 

i 

I (1) 

I 

I 

i 


_ I 4** 1 

Subtracting ^ia#t ^ aidaa of ®quatioii (I) 

andi taking limit a* A — ^ 0, have 


» {tj mm. ® ttj 

^ ^2*1 H ni*o 

and aimilarly. 


^21.1 


®l *^22.0 


I 

I 

I 

I 

la^fajj) I 


(4) 


Solution of equation (2) is quite sinplei by 
integrating and applying initial oonditiona, we get 


'u.o“’ • <V“2>‘ ! 


and 


"22*0 


m 


(S) 


e 


(b^4>b2)t I 
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In order to atolire equation* (4), %rm rewrite £lr»t 
equation 


(t) 


at ®21.1 "*• **12. 1 


(t) 


fil 

*1 ^11.0 


(t> 


It is first or0er linear# differentiel eqwtion. 
Multiplying it lay _Cbi-*i-b„)t# we liewe 

W St ' m- 

'^ 7 * P « Cb +b It * fa 9 (■t)^(to|+b 2 )'^ 

at ^12. 1 L 1 ^n*o • ^ 

- (b^+b2)Q(bj^+b2)t 1^12. 1^^^ } 

oir ■ ■ 


Integrating on both tbe aides# we bewe 


^12 1^^^ e^^l"^^2^^ ** ^1 ® •••«•••■««••>••••» l[ 4) 

^PPlyl^ initial oonditlon* and solwing# we get 

*l 

C • •• I l ■ l | l iil l iilii li i I II 'il i iii l n iii mi y 

^ {b|#b2»aj^-e2)> 

Putting value of C in t6}, we finally have 


i09 


SiHiilarly, «« obtadn. 




(bj^+bg 




1!ti« probabilities of tr«a»itioa« to ‘lost to 
folloif up* atat* can also bs sorkod-Hoixt folldring th« 
siodlar conyisition. Consldaxing contiguous tis» 
intenral, (0, t) and (t* t tA) 


Since 8j is a tanoinal state Pjj^qCA ) • 1# INibtraotlng 
fiaom both •fee sides and tiScing limit as -A 0# 

we have. 


§£ “ *3 'u.O**^* + h 'l2.3<^> 

Potting values of from {S> and (7) 

in (9) and integrating, we obtain 


*"13 1^^^ • T g rli- T t — 




a^ta^l 


(b.tbg) ^ • (bj^+b^)^ 


( 10 ) 


Similarly I 
9 


^ * H ** 22 , 0 ^^^ ^ *2 ^ 21 . 1 ^^^ 


itt) 


im 


m pitting irmlwes ef and 

and (8) in (11.), wa finally obtain 








' ' ■' "" (bj^+i>2 *••' aj^— a2'| ' " ' ' 
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6*2.1 SSTIMATIOW Of BARMETiSRS, 

' I4te sarHar, we mmme tiiat in tho baglnnlng 
of internal CO, t), il|^ individuals axe in fox 
i » 1,2. Thm&e two gxoti|is fom a system of independent 
trials. At time t, let individuals be oategoxlaed 
as beloif. 

. ^ fox ll|_ individuals in at the beginningf, wm 
define, 

t Individuals, who were negative for malaria 

initially, remained negative at tiraa t witfaoufc 
having suffered frcwn a relapse or fresh malaria 

filial* 

I Individuals who were initially nagative for 
.malaria, fuffered from mm... mlaMm m^m .or . 
fre^ attadk and were, found, in ig^ at. tima t... 





lit 


I Himtoftir €»f iaitially 'negatives* nho wwr® 

‘lost to fOllCW-Op* «t tiBHI t. 

SiiaiXarly, for Hj in we define, 

^22 * lB<aivi<lnals who were positiwe for inalerie in 

the beginning, remained positive withont haring 
had any malaria free state * 

Ngi • Initially ‘positives* who had single transition 
from to S j^ and at time t, they were itonnd 

IS-ll* 


I Initially ’positives* idio were ‘lost to 


follow-i;^* at time t# 


How, because more than one transitions are not 
possible^and fj^j is defined as, 

H, 


hi * “1. 


, for i 1» t 


J « 1,2, 3« 


The imximm likelihood estimate of 

easily be worked-out like It would 3ae 


^ij#l^^^ "* ^ij ' 1 « 0#1* 


( 13 ) 


Putting values of h* 


obtain 



Solution of oqixAtioiis (IS) and CIS) giiras tlie ostimtns 
of intonsitlea of irisks. 1!liiaui# 


Hat*# and pvoirMm gm»B ••tiaatna of 4aii]r 
i] 


in 


i,2.2 APPMCATION OF ME MODBIi. 

Applie«tlon of the model* formulated in 
Seetion 6*2 has been Illustrated in ¥ablee d«i to 
The model has been applied to the data collected in a 
longitudinal studF laalarla laorbidity* earcied*out in 
a rural population of dhansi district tV*P*J* 
specifically undertaken to obtain releirant data to 
Judge the suitability of the s»del« It sewsed 
essential to undertake such a study for the purpose 
when rewiew of a good amount of literature on the 
subject fail4^ to provide desired type of data* The 
methods of survey# population covered and other 
important details have been given in Chapter VX21* 

The c^served transition frmguenoies from cos 
state to the other* based cm data c^^tained frrai 
surveys l-ZH* are given in Table ®*1* Snch 
frequencies clearly indicate that slgxiifioant 
prop<srticui of *positlve» and •negative' oases oouM 
not be studied as many cases were 'lost to follosf-ugp* 
because of many reasons* The consideration of sueh 
'lost to followugp* eases -may* at times# be important 
while Interpreting malaria parasite ineidence and 
reeovery rates in different population groups. 


slt^icaui faccaa oi» gtmte tso the otfaar (based on Swcvmira I-Ill 






^ dkmevrm€L msmtiay tranelfeion probaMlitieg (£, ^ ) from sta-fcQ.....to 






% 


estisoatad vmlYKss of rla^ pmtmmtmrm 
m and b have bean sho%m in M>le 6.2. Hare# thaaa 
values lihe earlier# are indeed# infiniteaiaal 
transition probabilities frcaa one state to the other* 
Since# period of one day can easily be treated to be 

A A 

sufficiently small in malaria studies# a^^ and b|^ can 
thus# be regarded as dally malaria parasite ineidence 
and recovery rates respectively* The values of 
and ^2 vould# however# indicate the daily rmtmm of 
•lost to follow-i®>* from malaria negative and positive 

A f\ 

states respectively* Since the presence of a 2 and b 2 
has been taken into consideration in calculation of 

A A 

9 .^ and b^# the latter would# in fact# five •gross* car 
•crude* malaria transition rates* 

Analysis of Table $*i indicates an overall 
daily gross incidencse rate of about 8 per i@*000 
population -• about 11 per 10# 000 for males agidnst 
6 per 10# 000 for fcmsales* aross recovery rates were . 
considerably hi^er than corresponding incMsnce rates 
for two sexes separately* Overall dally gross ■ 
ri 




im 


with th« rim to assess the suitability of 
swidal diseussaS ia 3«cti<»i fi,2, pxobaMlitias of 
transitions from malaria negatlfe stata to a»laxia 
positiira stata and irice-'rarsa for a paiciod of 30 day* 
ware worked-out* Suoh probaMlitias, astimatad in 
tarns of risk parainatars, and thosa actually obsarrad. 
hara baan ahoifn in iPabls @«4» it may ba saan from 
this table that obsarrad and astimatad monthly 
probaldlities of ti^sitions ara almost tha sanm« 
indicating that model shcnrs a good fit to the 
observed data. 

l3g;>acted agui librium parasite rates 
utilising values of daily gross incidsnca and 
recovery rates have alsO' been calculated, such rates •- 
observed and expected * for tMO gmxma separately 
have been i^amm in Table 6«5. Analysis indicates a 
gross e»g>ected etpiilibrium parasite rate of about 
33»:| it was almost similar in tha tiio mmot* 
yurthermoret the *e3g>ected duration of positive 
episode* was estimated considering the inverse of 
gross r«iorery rates for males and fimBales separately. 
Overall * expected duration of positive spisodMi* was 
observed to be of 30 daysi it was of 33 days for 
males against days for females. 



eatiaatad aaontlitly gjrosg malaria transition probaMliti.es from one atate tQ tihe 

other for the taio ^ss&s ^parately* 
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msCTS^cai. 

In epidemiological studies on malaria, 
tJie net malaria parasite incidence and recovery rates 
are undoubtedly important, however, their calculation 
does not consider presence of risk of ‘lost to 
follow-up* of cases which is usually the case in 
follow-up studies on the subject, the gross malaria 
rates are calculated taking presence of risk of 
•lost to follow-up* of cases into account. Such 
rates are of great significance in malaria studies 
as the risk of *lost to follow-up* of eases in such 
studies refflialns usually considerably high, 

•the model, formulated in Section 6,1 
provides simple formulae for estimation of trshsition 
probabilities' for a specified period in berms of risk 
parameters. This model, indeed, is a sis^le 
extension of the earlier model discussed in Chapter If, 
The estimation of risk parameters a and b vll^ the 
help of maximum likelihood method, however, involves 
voluminous calculations. Such a difficulty was also 
realised by Hx and Neyman (19$1) in their sto^astic 
model of recovery, relapse, death and loss of cancer 
patients. The estimation of daily gross aalarle 
incideoce and recovery rates, thus, did not seem 
feasible by the model fonrnilated in Section S,l, 


®ie ftlteamative aj^roac^ detai3.«€ la 
Section 6*2 pxovicles a model from which daily gross 
malaria rates can easily be calculated. I?hi8- model 
which assumes only one transition from ‘positive* 
state to ‘negative* state or vice-versa between 
(0, t) is simple, practicable and involves less 
calculations for the estimation of different 
parametric values. The approach iai 5 )loy®d for the 
formulation of the model significantly differs from 
that ■ considered in Section 6*1 or Chapter V. However, 
like other models, it is also based on a fee 
itssiimptioiiSe Muin sum tiiat# Iso 

the force of malaria infection, there are two other ■ 
forces - reversible force and force of 'lost t© 
follow-up* of cases, simultaneously acting at a point 
of time in the population, and that 'negatives* and 
•positives* are transferred to rest other two states 
at the constant rates. These assun^itions seem guite ^ 
relevant as the rates have been calculated for 
‘per day* end the period of one day is sufficiently 
small in this respect. 

•Bm dally gross rates of malaria parasite 
indicated that in the population studied, about 11 
males and 6 females per 10, 000 population got frwtti 
malaria infection Including relspse, if any, per day# 
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Sifflilai'ly, gjEoas coaireE’sion ra%®s pax day waira 
32/1,000 for stales against 2C/1,000 for females, 

•Shim indicated that abont 32 ‘positive* males and 
20 ‘positive* iisaales per 1,000 population got rid of 
malaria infection per day, However, since malaria 
parasite positivity was based only on pat-ent 
parasitaemia, the observed recovery rates include 
lapses, if any, in the examination of blood for 
malaria parasites and natural latency. 

It is easy to see from n\imerieal illustrationji, 
particularly from those shoiro in fable i#4, liiat ' 
model gives appreciable results in respect of monthly 
gross malaria transition probabilities from state 
to Idle other. The predicted values of sudh 
probabilities are exactly the same as were oiNierved 
actually. The results on ‘expected duration of positive 
episode* showed interestiiig results. Such remits 
indicate that the duration of positive episode • has 
been of 32 days for males and 4$> days for finales. 

This indicated that males and females of the area 
continued to suffer from malaria, on an average, for 
a period of 32 days and 49 days respectivelf. 

Ulce Chapter v, the equilibrium parmalica 
rates were also astlmated utilising daily gross 
malaria parmsita incidasice and xmcmmtf ratas# 

V'" ' '' ' ■: '■ , ■ ■ ■ ^ V ■ ■' ' ■■ "■ 


lat 


•mm percentage value of + bj^) gave eucJi 

rates (Molineaux and Grainiecia, 1980). The overall 
expected eguillbriiim i>araslte rat# was estimatiMa to toe 
about $% C3*02%) against aboijt 4% {3,62%) actually 
observed. This difference could, probably, have bewa 
because of gross rates utilized in the estimation and 
also due to the effect of a few factors, like age ai«l 
species of 'parasites, which could not be taken into 
consideration while aaking such estl|}iatioiwi • 

The formulated model would provide loore 
precis© results if applied to the homogeneous 
populations, particularly to those defined hy age, 
sex and area. In view of very few malaria positive 
cases, studied population was not classified toy age, 
besides sex. Thus, our population, in fact, can not 
be taken to be strictly homogeneous. The deviated 
results, if auay, might probably have been because of 
this reason, tjo a great extent. 

The model can be applied to study 
epidemiological situaticasis of malaria in m asvMi, 
in studying the impact of malaria coittxol pn>gra»Mis 
and to study the isedhanism of the traiisiRissi<m of 
disease etc. It can easily be {implied to other 
diseases almost behaving like malaria i^ere 


c:ox)isideral;:ion of iroToraibla force ead the f«W»e of 
*I 08 t to £olloi#-up* in -die ce^anim of treneitlon 
fioa on® stats to the other are possible. 
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WOhY mUMlh FABASITE BKZZPSlfGB 


Aiip racoFERY msm 


Mm frobabxxiXxzes ze cnEiRAXi popULMrzat 


wmm ymmmmtMm tmh ^ m 


lOTIMft.T10N OF 

OAILY iOOARlA PAlASIfS WCIDWICB 
JtfCD SlCWBRy RATIS 

AND TSANSHJION PROIABILWISS M OSHERAI* POPOLASPIOK 
FRCM LONaraUDINAl. DATA - a>NSIDlRATION OF 
DlfFEREKT MAIARlA SPICIBS, 


Zn thd prmtovm Sectiona, hmm iNMMat 

mad* to suggest stochastic modal s to astiiaata daily 
malaria parasite iacidance and recovery rates la tl» 
two different situations - (4) when individuals of 
the pop\ 2 lation studied initially are covered* in toto, 
during subsequent follow-vps and Cii) when a few 
individuals are ‘lost to Jtellow»tq?* In latter case* 
These models# however# do not allow one to estimate 
malaria transition rates specified for its different 
species when the riidc of ‘lost to follow-t^p* is 
present or otherwise* 


As indicated earlier# malaria is caused by 
4 specie® - i.Ay4v.M # g....*,.faicip .a.rai« 

P. ovale . Of these# P.vlvax is the most rife Infectiom 
followed by p. falciparum and then others. In our country, 


P.vivan has been found to be responsible for dl-dflt# 
P.faleiuanim for and i^ixed .^nfecttemi for 4*416 

of total malaria positive oases (faiii and Faih* if Tl) * 







Distribution of g,malariss is considsrsbly rsatrictod 
and is koowii to bs responsibXo only for about 1% of 
total easss, g.«..ovalo bas, so far, iK»t baan datactad 
in India tiK>ugh, it is wall pravalant in Africa and 
Viatnan Cw,ll*0,, 1970) , Raourraneas ara saan in all 
types of malaria; soma spaoias may causa prolonged 
low leva! parasitaaaia and tba iafaction in a faw 
types of 3Baiaria saay avffla parsist for many yaara* 

Estimation ■ of malaria transition ratas by 
species Is ia^jortant in studying their ^q^ideniological 
pattamsi this is necessary as different aipacies of 
malaria have different epidemiological features* 

Here, a probability model with 7 states is foiSBUlatad 
to estimate daily malaria transition rates* 
model allows one to assess dally malaria parasite 
Incidence and recovery rates by species from 
longitudinal data in the presence of the riidt of 
* logit to followwup* of cases. However, applicability 
of the saodel is not illustrated in view of non- 
availability of desired type of data, ■ 

7^1 assumptions. 

Poliowing assumptions have been mi^#. 

■ii.} Ml menibers of the population are susceptible 

to raalsria infection and that, the infection 
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{lij Indiiridmtla of population oontacrt tlio 
infeotiou* agont indapandlaiitlf and agmliy* 

(iii) Tba transitiona from one state# aay to 
another state Sj may t^e place at any 
instant betifeen two consegutlTe suryeya* 

<iirj Only one type of transition# either frcwi 
^negatiW to ^posltiW or frcsa positlwe’ to 
negative etc*# for ea«^ species is possible 
in a unit of time, 

(v) ,fhe probability of transfer from state 3^ 
at time (say) to state at time 
can be represented by the eonditionel 
probability p^^ (t 2 • 

7,2 THE 


Consider a populatton i^ch is studieA 
longitudinally for thm purpose, An individual at any 
point of time during a given period mey be aefatlire 
or positive for any oin» or more malaria species etc. 

His status may be categorised in any one of the iolloiring 
7 defined mutually estclusive states. 


#2 I ItaUvidmal is free from malaria. 


■i • 

Mm: I 

e ■' 


Individual is positive for y,vivaai only, 
SB^vidnal ic p^aitive for l,isdeimai«i only. 


FLOW CHART OF A MALARIA MODEL BASED ON MULTIPLE 
STATES-SHOWING POSTULATED ICIMBER OF STATES AND 










t2& 


• ladlvidtial is positive for P.ovale only. 

S| I Individual is positive for P.aalariae only, 

I Individual is positive for nixed aalariae infections* 

I Individual is 'lost to follow-up* as lie moves 
away or is difficult to trace or dies of causes 
other than malaria in the presence or absence of 
laalaria morbidity* 

Now, on the basis of natural history of the 
disease* the transitions between differwt states ewa 
easily be outlined (Figure 7*1). An individual who is 
detected to Im negative for malaria at the tine of 
initial survey may ronain negative till iollow-up time 
or may become positive for any malaria species. Me 
may be infected* at a time* with more than one nalajrla 
species. He may also bo lost to follow-up because of 
many likely reasons, via, - moved to sobmi other place* 
refused to co-operate or dead. Similarly* a peeson 
found positive for malaria at initial survey may 
continue to suffer from malaria till the jfollow-^ tine 
or may become negative or may be lost to follow « 

Xn other words* S/U individual initially in state 8^^ 
nay rnaain in S^ till the tine of his follow-up or 
leave and Join anyone of the defined states * 

8„* K* Similarly* an individual 

,'2 3 4 5 O . . . 7 

Initially in anyone of the states ♦ #1* S^# 


I2f 


Sg iftjay again reiaain tli«r« liill tb« time of foll<w-tjqp 
or laave original state and Join state by way of 
recovery from malaria iBorbidity# Ke nould Join 
state if ‘lost to folloir-ijgi* . States S^ to S^ are 
transient states while S^ is the absorbing state ■ 
since# once an individual entered in state S^» he will 
remain there; for ever* Further, in view of assusption 
(iv) # inter-transitions between the states "" S^ to Sg 
are not possible* 


Consider 3 points ^ # t and t4>/\ # sudb 
that (!) Z.t ^ ttA , on the time axis* The Kolmogorov 
differential equation (Chiang# t96B} of the probability 
of a transfer from state $|_ to state 9^ during time 
interval -lO# t> can be written as* 


gt >’11.*° ' 


X P„(0 . t) 


Since the Horlcov Frocess XCt) is 
in time# intensity function wi3.1 be ind^endent 

time t. We further assume that the system is elosed 
so that for every i, whatever may be t 7 6# 


L*’ii 


(%) «• %» 


Or* V|_|_ • 


i *• l#2j» ••*•••• *d 
J ■» l#!#********?^ 

i >■ If 3f 
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Kolmogorov difforaafcial oquation (1) will, thwa, bo, 

7 

(a) 

jSf 

wiida initial conditiona 

» 1 # for 1 * k 

and 


■* 0 , for i U 

The eqpjiation (2) can also he written in matrix foaa* 
Iiet, 

r^ii 


rftl 


• eee#e# «*«•#«#•»•• 
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hm tJi« tjcmmsitioja probatoilitf ,iM 
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"^21 ^22 


'17 


'21 


» a • * # e * . • a a # • » a a • • • • • ' 
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ut 


be the inteaaity faaction mtrix. Because of 
assuiRptioEi iith the inter-tranaitions between the 
fitatea ®2' ®®h not take place* fhe transition 

probability matrix B(t) and intaneity function 
matrix ¥ can, thus, be written as* 


Pjjtt) 


0 0 

0 

§ 

^27 ^ ^ ^ 

P3t(t> 

Q 

PjjCtJ 0 

0 

0 

p^^jf ( t J 

P4l(t) 

0 


0 

0 

p^^(t) 

p5|Ct) 

0 

0 0 

PsgCt) 

0 

P§7^^^ 


0 

0 0 

0 



and. 
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^27 
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’^SS 
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"®'l7 

^41 
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0 

^44 
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H7 

^51 
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^s§ 
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^il 
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(i) 


"til© coiTC'fispondi.nQ iBiil;irl.x OQua'ki.on ’K'ili to®* • 

O F(t5 • F|t)V ^-—(7) 

Where D is the dlegonei matrix with the differentiation 
parameter operator on ihe diagonal line. 

Further# if we Ignore the fact that P{t) and 
V are matrices# the equation (7) is an ordinary first ' 
order differential equation. 

Therefore, ' 

p(t) *» and 1(0) ** I CS) 

where I is the identity matrix, 

A1«3# 



The matrix series (9) converges uniformly in t 
(Dooh# 1953 and Bellman# 1950) • 

Wow# if we can estimate the intensity matrix 
¥# we can easily evaluate tr«asiti©n matrix Kt). 

The estimate of V is based on a series# expansion of 
V in terms of P|t)« 


p(t) * 9* it} + I » 


©ri 


I-og 




4-1) » Vt 


Or, 

Vt - P*(t) - i£!^ X£!|sii" . ip!^% ... 

Thus, matrix V can now be estimated from equation {!!)• 


?.3 ESTIMATION OF PARAMETER, 

Let us consider a more general case than 
that considered in the previous Sections « Suppose 
that the population is studied longitudinally over 
time-period T by conducting various follow-ups at 
interval t, for t ^ T. As assumed earlier, t is 
sufficiently small to allow only one traasltion, 
either from positive to negative or from negative to 
positive for speitiific malaria species during two 
consecutive study timings* 

Further, consider an Individual having been 
tahen in the study as an independent trial. After 
period t has elapsed, individual of the population ctan 
be classified into any on® of the 7 defined imtuaily ■/ 

exclusive states - Xf the 

individual is dead or 'lost to follow-up*, only then 


the series of elassification tejcminatea at a 
specific follow-up tirwe, otherwise the claasificatioii 
continues until the cut-off date. 

The observed clinical path of the individuals 
would, thus, consist of a sequence of states given 
below. 



for k 


1,2 


f e e V * 


.7 


Here S, is the initial state and S, is tlwi 

^1 H 

state after period t has elapsed* Within period T, let 
follcw-ups be done subsequently at different timings # 
say at times - tj^ , tg * tj^. such that 

^4 ••*•••• \* Because the 

difference between any two consecutive &dllow-ups is 
equal to t and, since pxrocess is homogeneous in time# 
the probabilities of the above sequence can be 
written as, 

* Pi ± tt), p4 j Ct), **•**•• p, (t) * 


X£ is the nunber of individuals entering 
the state Sj^ and be the number of traasitioiis ftoai 
state to Sj, the likelihood of elinieal path ei 
individuals will be 


im 


' Si t‘**i’"* Si 

H«re# we define %lia%* 


P|_ « 1, for » 0, t»i, 2, •,..,« 


and 


PjLj€t) * 1 for ‘ij-o 


i*l f2|i •••••d 
.J*l# 2f •••••7 


Taking logarithm on both the sidea of 
equation (12) and differentiating 4t with respect to 
p^j{t) for flawid i and for different J » 1,2,,..,,,?, 
various equations* viz.* 


'^log h 
^ Pi 2 




“^log h 

5 Bl 3 <t) 


•* m- m m # e # t 


l,og li 

9 **17 


■ 0* 


can be derived 


lifter rearranging* such eguatioaa ere* 


im 



Solution of equations (13) p]n>vi(3«« aiaaciimn 
lUceliliood astiiaat® to Pj^j ttj § P ^2 •••***# 

as given balov. 




pj 4 *• •'■"jji"''-'''' ^i(t' " • fojt lwl#2#**#*6 
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»,raiisitiott pro bitbilitiag mx 

i>eriod . 

In ranrMdity s-tudiest the ineidenee emd 
recsovery rates of a dlsease/csonditlon are always 
di^endent lapon time period considered. In stndles 
IjJee nalaria. idien oonsl^red time period is relatively 
large, the precise assesiSRent of these rates for entire 
period on the basis of only two surveys — one in the 
beginning and the other in the end# may not be possiblei 
the reason being that an individual who is initially 
free from laalaria nay suffer fron malaria nany tisMie 
within this period and at the end. he nay beoosie free 
again from it. The accurate eatinatlon of above 
nalaria rates is possible only when more than one 
follow^'iips are done at suitable intervals. One wey to 
study such rates is to carry-out a few surveys »%■ 
suitable time points considering different sub-periods# 
worJc-out transition probabilities for each sub-period 
and then Join these transition probabilities of various 
sub-periods to get desired malaria rates fOr the large 
considered period* 

Tim transition probability natrix :p(T]l for 
the large considered period# say |0#V) can be wosidied^out 
in terms of traitsitioit matrix of different sub«iperie4a 


138 


in the fiollewing way, Maliuria transition rates 
Kfithin the period (0,1?) can be studied by conducting 
only on®, two, three, and Jt f ollow-iigps • 


r 

0 tj tj ^ 


We can write transition probability matrix 
for first period (0# t^} as for second period 

as y2C^2*^i^ folloifiag Chapman- 

Kolmogorov equation (8amen, I9i4) • 

We have, 


** 1 (^ 1 5 0 4. ^ Z- h, I 

4 ' 4 SSiSi' mSSS . 4 m / 

t 

**1^V X 

X 

Pj <t j) p, (tj-t^) P3 tt-tj) 0 4 * ^ t, *._, 

X 

X 

' * 

# # • # • » • ■ • • • • • • • • » # • f ^ X 

X 

^2 1^ ® 4-T 4J ^, i 


Since, the differenee betwesst any two 
oonsecutive timing of the surveys is mmm and eguai 
to t, eguations (14) can be re««rritten as. 


( 14 ) 
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P<T) • 


\it} 

Pj (t) ^2 

PjCt) 


PjCt) ••*•• 


0 Z-. T X 

I 

0 t, X 

— — * X 

I 

o£.*£.t, X 

■' SSSSr J| 

I 

• ••••• X 
X 
X 
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i 

Pjjit) 0 4 . T ^ t,^ * 


If Vj# "^2* \ '*'^*'* iatsHsity f«nciti©» 

matrices for first siib*p«rio<l {0, t^^) 0 seooad sttbrperiod 
(tj, tg) and so on, then equations <15) can aim b# 

t 

eaq) reseed in tenBS£fV|, V^# V3 ...... Vj^. froiB (8), 

we have# 


ItV.ttvJt^.l t vjt^ 4 + «OZjt* 

A Wk W 'kMiiiliiilt^ SSIIiSSi 'W 

iH.|v,+ir^ 5 tt(v,+v,)^t^ 4 + Cj^t, 

4 « 4 '4 4 SS» mSSS 4 


it <f *t?*,+v,Xt+ Cir-f»,+v-) 4 t . . * *€ 0 / t* 

' ' J|t " iW ' . J|» HP V , W MkMMW «|||j||i|y||||| ** 
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tile transition i)*»bsM.liti«s frewi oaa statn 
to the other ©an now he studied for different suh- 
periods and then« they can be coahlned by usiaf 
equations qiiren in (i5) or (14) according to the 
ntunber of foIlow-ijq»s considered during CO# * The 
aalaria parasite incidence and recovery rates for 
specific ^ecies for the entire time period T can 
ultimately be worted-out* 

PZSCOSSZOH. 

In malaria# since the ^idemiologioal 
features of its different species are often different# 
the values of various ii^ortant ipidemiological 
parameters should be imxt«d--out for specific i^cies 
separately. The models discussed in Chepters V and yx 
do not provide foxmulae for estiiaation of malaria 
transition rates# specified for different ipedes ^either 
when rictk of 'lost to follow-up* of cases is present 
or otherwise. The present model allows one to estiaMite 
species - specific daily malaria parasite incidmace end 
recKsvery rates and transition probeMlities in the ■ ; 

O 
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Since the available literature on the sr^Jecrt 
failed to provide data of desired nature, a door-to- 
door longitudinal study on walaria was csarried-out 
(see. Chapter Vlll) in a rural comunity of Jhansi 
district (?I*P*) to obtain relevant data. However, 
total positive cases of nalarla observed were so Anall 
that the application of the BK^del after cslassifying 
th«» into different i^ecies for the two sestes S(i®arately 
did not mm practicable, lurtherwire, ©ur study on 
malaria showed positive cases helonging to two species 
only, Vi*,, • taMSm P^.galcio.aguii , mA eases 
belonging to rest' other j^ecies including atiaci^ were 
not all observed. Ht such a situation, the i^pXicability 
and relative suitability of the model with the help of 
numerical illustrations CK»uld m»t be brought-forth, 

Xt is, however, hcped that the evolved model 
would provide satisfactory results if relevant data 
pertaining to a homogeneous population are available. 

It is also eji^eoted that the model would be of great 
help to the epidmnlologists, malariologlsts said to shuij 
other health personnels cwigaged in the malaria eontrol 

t 
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mm. mmm akb mmms or sotwy 

f3£ tii« iKportant raacona for cooaiateratoly 
lesser uuraber of matlieiBatieal fflodela available in 
different areas of nalariolc^ is, probably, tbe la«at 
©f relevant data* Under siach sitaations, applieabllity, 
utility and relative suitability of soiae of the Models, 
developed so far, for italarioaetrie data are msually 
not illustrated* Mo doubt, a good mneber of studies 
on Malaria are availaMe, however, thi^ mostly axe 
either €uros8*sw9tional or based m hospital records 
providing no proper details on transition hdtiavicwr 
of the disease* Malarlonetric data from fiollow^up 
studies are rarely available* Sn longits&diHil studies 
on diseases libs malaria, groups of individuals aate 
observed oontinuoiuslv for a sneoified nexiod of 

|ff!P ^a|pr A% 

and as sush, they are notoriously diffisult to ^ 
undOrtaJes* xa India, hardly any study is available 
where epidemiological features of ths disease have 
been studied by undertaking xvgular foilow-t#s* 

4ittA 'to JlXiMStottto 

stochastic models, evolved in earlier Oiaptars ware 
not available in published literature, a lonidtiidiMil 
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surrey In e rural comraunlty of mrnml <ai»trict (0.F.) 
was earried^out by door*>to«door visits. ®kie details 
of methods of suinrey, population eoverage and 
characteristics of the population studied etc axe 
gi-ren here. 

8.1 ABE* ANP POPUlimOT. 

A door-to-door follow-i® investigation on 
malaria was carried-out in a rural eoasmanityf 
consisting of two villages, namely Plchhore aM 
Pi gar a , situated in the neighbourhood of M.L.l. Medical 
College, Jhansi Cu.P.). This rural cowaunil^. 
accordii^ to a survey conducted by the Department of 
Social and Preventive Medicine. M.L.B. Medical College. 
Jhansi (U.P.) a few months earlier had a pq(»ulation 
of 1.030 individuals in 218 families# !tofeal 
popiilation of these two villages was considered for 
the p\irpose and no efforts were made to apply any of 
the available sampling techniq^s and thus, to cover 
larger area in view of the limited facilities and 
tiae available. 

8*2 MXfEIOeOPOaiCAI. COKDXIfXOMS . 

Malaria is a seasonal di seams with definite 
monthly fluotuaticnis. She transmissioii of the disHease 

L. :. h 
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usmliy vari«a f jcom om zmgion to tl»i othor and* «t ^ 
tlia®#, in tho saw rogioa irith sudi mwrtation* 

in tho leir«l of traBaadsaioa ajoe dotorminod lay « 
variety of factors. Mataraoiogical. ooMitions# 
such as iBaxisasB and mininm tie«|>eratuj»s, ralatlva 
humidity and rainfall • are one of the iB^fHortant such 
factors which influence vector density# developioent of 
the, sexual cycle in the TOsgui toe-vector and longevity 
of iBOsquitoe-vector to allow sexual cycle to he 
ooiT^leted. 

District Jhansi# in a rural community of 
which the present study was undertaken# has a hot and 
dry climate. Metereological data of the district 
{Verma et al # 19T7>, indicate that the area has 
(i) mean monthly iwximum t«i^rature ranging from 
24.X^C in the month of January to 42.6% in the month 
of May# (ii) mean monthly minimtsn teii|^rat«ire .fmi 
g.2®C in the mcxith of January t© 29.$% in the month of 
June# (iii) mean monthly relative humidity (at CWIO hrs.) 
ranging fm 26% in the month of May to i431 in the 
month of Movenher and (iv) mean monthly rainfall 
ranging fiaom 2*7 mm. in ihe month of April to lOt.l «m« 
in tile month of August* 


S.3 KAIARIA CCaiTBOL OPESIkECQNS. 

Hie area has been osntinuously ooTered wititi 
a residual insecticidal spray by unit 

Jhaasi under National Malaria iradicatlon 

Prograarae since the year 19S9 nith two rounds of 
D.D.T. each year upto the year 1972. However, 
afterwards, the area received 3 rounds of B.tl.C, (5(b&> 
each year (Srlvastava et al. 1975). In 1980, when 
present longitudinal survey was carasled-out, there 
were 3 rounds of b.h.C, (50%), 

8*4 MElHCaDS OP SORVEY. 

Tlie survey was carried*out by a team, bei^Mi. 
by the author, including one deraonstrator Caiedioal), 
two interns Cnedical) and two la% social worhere of 
the Department of Social and Preventive Medldne* 
M*L*B, Medical College, Ohansi, u»P« (where the euthor 
is presently en^loyed), She team, for the peucpoee of 
the survey, viaitywl every family of the two villeges 
between 9,00 a«m« and 1«00 p«m* on each wodciikg day, 
and available parsons were contacted for the pmjpmm* 
During the survey, people of the area were firet told 
about the objective of our visit and leire then 
motivated by tl^ team, particularly by social worluirs 
to give a few dn^ of blood for prepasmtion of blood 
smears* fhick and thin blood mars were psepexed for 
each individnal wlia etould be imtlveiied^ 
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‘BopviXmtlon of tdie area wa» atiulimi 
longitudinally oondwctiag, baaidea initial aunray# 
lagular follotr-ups at tlt« airarage tiro® intarral of 
4 ★ # weeks* However, because of limited time and 
facilities available* laalaria aituationa of tiie aapea 
were studied by carrying-out only 3 surveys • mm 
initial survey and two oonsecutive follow-ups* 

In order to 'have sufficient number of malaria oases* 
surveys were conducted during transmission seasim of 
the malaria* The work of data c»llecstion in the 
initial survey was started on August 15, 1980 and 
last ibllow-up enilid on NovOTsber 15, 1980* Thus, the 
observations on malaria situations of area are 
based on a period of abotJt 3 months only# 

During the course of data caollecticui* 
intensive efforts were made to cover every individual 
of the population. In the initial survey, an att«ii#>t 
waa Blade to cover the maximwa nt»ber of individuals# 
Those not available or refusing to cooperate at the - 
time of first visit were contacted again for the 
purpose# Individuals, studied initially were treated 
to be the sampled •<« populatltwi for subsequent iOllcw«up 
and only those cxivered in first follow-up were studieA 
in second follow-up. Mo effort was wade t© study 
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those oases in the conseeutiire fblloir-nps nho either 
had refused to oo-operate or were not available at 
the time of prior visits. : 

In order to attain good fK>verage« individuals 
of the area were treated for ndnor ailments, if any* 

Sick people were givaaa basic drugs (not anti-malarial 
drugs) at the tiraa of the survey. The serious cases, 
if any, were advised admissicm in the nearby Medical 
College hospital* in order to study natural recovery 
rates in the area, as far as possible, anti*«alaria 
drugs siuth as — ChlorcKxuine and Camoguin etc were 
not given to the persons siKiwing spniptoets of fever 
at thte time of first two surveys* ht the tiiae of 
third survey, however, fever cases were given 
presumptive treatment and those found positive for 
malaria parasites were given radical tjroatment* 

In ea<di survey, information in rej^piMrt of 
every individual was re^eorded on a sChedhle developed ^ 
for the purpose (appendix)* Shis schedule was 
pre-tested in about 10 families of the village achhoio , 
situated in the vloinity of Medical college, ilhansl Cg*F*) 
and later, modified for anoaalies, if any. In view of 
limited facilities available, neither a large 
population could be considered nor ear ssMpiing : 
toabaigus couM ba used after determining ^e slto 
of ^hs sangila staMstically for i^?o«ifiad preoisica. 
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Ages of individuals particularly ,oj^©ol 
cliildren and adults were assessed thjpough personal 
and closed Interfiewsjf however, for pre-sidiool' 
children, parents particularly, mothers were engulrsd 
for itie purpose. Ages of infants were assesimd Isy 
developing a local calender of iaportant events of 
the area and then by interviewing respective mothers. 

Socio*econoraic status of the individuals 
was recorded based on the social classification of 
Indian families, recently brou^ditforth by ms 
Csrivastava et al, aS80 a) and used elsewl^xe 
CSrivastava, 1980 b). Social classification of the 
families, here too, is based on mean monthly per 
capita income, as recOTraended by PrasM {1970K Cter 
criterion on social elassiflcatlon is, in fact, an 
improvement over that of Prasad (1970) and is givsn 
as under $ 


Sodal Class iman monthly per capita 

I 

; ' II 
III 

nr 

ir 


ikl 


S3* dOO/x- and above* 
fit* 100/"> b« 199/"» 

It* 14C|^» li* $$$/•*■ 

h* 40/** "*** h* IliA 

Bmlm fit* iQ/* 
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Prasad* a oritarion (19703 iraa not a««d as 
it 4s basad on tha valne ©f Indian rupae for tiia 
year 1970 or pricar to it and tlierafor®. has now 
become obsolete in view of considerable decline 
In the pnrchasiio^ power of rupee during recent decade* 

8.5 IXAMIHACTON OF BLOOD SKBABS. 

During the course of the survey, on an 
average, about SO thick and thin blood slides were 
prepared daily by the surrey team. l!hese were stained 
with tile Leishman • s stain in the laboratory of our 
Department and then examined by a trained Laboratory 
Technician, appointed full time therein. As far as 
possible, negative slides were re-examimd by oiM of 
the senior staff members (medical} to chedk the 
possible lapses, if any. in their earlier «Kamination. 

8.6 POPOmSO^ COITERAGS. 

Area studied bad a population of 1»SS0 
individuals with 982 {53«7%> males and 848 (48. 19(3 
females, idetribution of the total populaticti in the 
two villages and its coverage in the initial siurvey 
by age and sex has be«m given in Table 8«1« 

Data indicate that coverage in the initial 
survey has l»eaa «aily iS*tW* tt was lii#ar for 



100*00 1#3S0 100*(K) 457 46*54 480 56*60 937 51*20 
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f©aai.«8 (56«:SQ%| than males (43*^4%) • Ccrrerage was : ^ 
relatively better for persons of younger ages tbaii ^ : 

those who belonged to the older age-groups. As 
indicated earlier, only gi7 individtials could be 
studied further at the time of first follow-up as 
only these individuals had been studied for the 
purpose in tJ» initial surviy. 

8.7 RESULTS OP THE SURVEY. 

Malaria parasite rates presence or 
otherwise of malaria synptoms and by various sooio- 
economic and demographic characteristics of the 
individuals were studied# the relevant findings in 
these respects are given as under. 

8.7.1 Symptomatic and asymptomatic malaria 

Ihita on symptcwatic and asys^ytomatic 
parasitaemia, observed in the initial survey are given 
in Table 3.2. Analysis indicates that, out of 9S7 
individuals studied, only S3 eases — 21 sales and 
11 females — were detected to be positive for salaria. - 
In males, about 62 % individuals showed asys^tcsnatio 
parasitaemia against about 5$% in case of fe8iales4.fi|^’’^^'9* 
About 12 % sales and 1031 females were observed to be 
negative for malaria thou#i, they had salaria sy«|>to«s. 


%cxiatic and aavattstonatie paras4ta®nia observed in -ttie initial surv© 
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such as — fairer with chills and rigors etc* 

Proportions of persons hairing asynqptoraatic 
parasitaeiaia did not differ significantly in two 
sexes (t » 0ii3690« p “7 0*5K 

8*7.2 Malaria and age 

Malaria parasite rates# ohserred in the 
initial survey by age and sex are given in Table 8.3. 

Data Indicate that# though sonwi infants were studied 
for malaria# no one was found to be positive* However# 
malaria was well prevalent in children and adult 
population* Malaria parasite rate was about 4% in 
children against about 3% in a<hjltsi the differewse 
being statistically insignificant (t • l#02iS# P “7 0*0$)* 

8*7#3 Malaria and sex 

Analysis of data shown in Table 8*3 further 
provides interesting resiilts on sex-specific malaria 
parasite rates. Males, by and large, had a relatively 
hi^iheJC bate (4*67%) than f«al«s (2.35%) • «ttch fates 
were higher for males than females for children as 
well as for adults. However, titis difference too# ■ : 
could not reach the level of statistical significance 
(t - 1,4970, P T 0*0S>, 


& SDid sex-spaeific aalaria parasite rates i%) in the initial earv 
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fabl« i«4 profirides data on malaria paraaita 
ratas lay if a# mx and malaria-apaoiaa. It may toa 
saan that cmly tao spacias • p»vivax and P«£aXclparaii 
ware datactad. Out of 32 poaitive caaaa obaanrad in 
tl^ area during initial, awrey# cmly 3 wara of 
P » falci paruiB and rant 29 wara of P^vivar* indicating 
predorainanca of tha lattar in the araa# Paraaita 
rates by species ware aiso soraanhat higher for maias 
than fmaHest howairar for age# they did not shoir any 


specific patten* 


Malaria parasite rates by Utaracy statos of 
the iadiyidiials are giifan in yabla 3*S for tfia ttm 
sexes separately* Analysis indicates that malaria was 
well preTalent in illiterates or in those Mucatad 
mpto Junior high school* Oa the other hand* parsons 
with higher education Showed no ewidanoa of 

l> j|. -It t 


Association of malaria parasite rates wilii tlis 


O' 


Kalaria p»ra»it« rates i%) toy apsdea for loalea and fapaale» sepaga^l 
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TAW* 8,i 

SMjlgii, paraglt a . rates (%) by oeenpatioa in tii» 
Initial survey . 


Occupation 

Bxa* 

rained 

^sil.'Sve''' 

for 

IM m '*1 sk Ok 

' 3^arasi'€e 
rate 
i%} 

Agriculture/ 

Cultivation 

106 

5 

4.72 

Business 

1 

nil 

Hil 

liabouiT 

61 

4 

6.56 

Service 

17 

Nil 

nil 

Kouseeacit/ 

Housewife 

249 

5 

2.01 

Shilled profession 

11 

Kil 

Mil 

Others 

492 

IS 

3*6« 

Total 

9S7 

32 

3.42 


Sisiar diffarent occupations. Highest rat^ vas ohsoimMi 
for labourers folXmred hf* agrimltittisti/ 

cultivators {4*72X)» As against this, seacviceraea or 
those engaged in shilled professions did not shoe anj 
evidence of parasita€«ia* 
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Maxarlai and aocio«*eeQiioiaic 

la or<ler to stu^ the pattern of malaria 
parasite rates vis-a-vis ooeio-econoaiic status of 
the individuals# social classes of Individuals were 
worked-out as per our criterion (Srivastava at al « 
1980 a)# Malaria parasite rates were then studied 
for differ«Qt social classes liable 8*7). 


TABLE 8,7 


Malaria parasite rates i%\ by social status* in t^e 


initial survey# 

Social Glass** 

Examined 

Positive 
for Bialaria 

Parasite 

rate 



III 

4 

nil 

Mil 

IV 

103 

3 

1«94 

• V ■ 

830 

30 

3#ei 

Total 

937 ■ 

32 ^ 

3*42 


* Social status was categorised in different social 
classes according to the criterion# broughttorfcli 
by us (Srivastava et al # 1980 a)* 


♦♦ Mo respondent ca»e from social classes 1 and II • 


It may h& mm that poopl® of th« ar«a# 
by and iajeg®, liasse® poof*. Majority of tba atiaiiad 
persons (88. belonged to social class V, folloifcd 
fey social class ly (10«99%)i md thmn. socdal class III 
CO.43%), No person caro ficom social classes 1 and 11* 
h relatiwly hl^er parasite rats {3«6i3i) was otescnrsd 
for those belcaaging to social class ¥ as against 
about for social class IV* 

Transition patterns of laalaria 

AS indicated earlier, feesides initial snrrey 
tMo siifesetjaent j&nllow-iips at an average, intertml of 
4 weeJoB were also e»ndncted« Transition pattens of 
malaria during the two follow-ups and for both the 
sexes have been given separately in Tifeles @«8 and S«9* 

It m«i^ be seen from the data that* for the 
two sexes during the two follcnr-ups, njlOiri*l^ of 
persons who had ben S'tudied earlier for the pwrposo 
could not be oontiMted because th«y either did not 
eo-operate cc were not available at the tiim of ow 
visits and thus# wem 'lost to follow-up* • In spit# 
of the feast efforts fey the survey team, only this mmM 
proportion of perscms couM be studied. 

for males, data indicate that* out of 
t| cases idiich had ben found positiva initially* 


Ill A»AJTlg 
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o»ly 3 (14*29%) recovered and S continued to reiaadn 
in the same state. At second time* out of 8 suidi 
eases studied, 4 (50.00%) recovered and none remained 
in the same state. Similarly, out of 436 negatives 
studied, 3 (0.69%) becaro positive and 141 (32,33%) 
remained in the same state, lor second time, however, 
out of 144 such oases, only 2 became positive and 
69 (4? .92%) continued to remain in their , original ■ 
state. 

For fiKEttles, similarly, out of 11 perscxns, 
who were detected positive initially, only 1 C9«C^) 
recovered and 4 (36.36%) contiaued to be in the aaiie 
state. For those such cases, who ware studied at 
second time, only 28. §7% remained positive and 42.8®% 
becama negative. Similarly, out of 469 negatives 
studied, only 3 (0.64%) became positive and 179 
remained in the sane state. Out of 179 such eases 
studied at second time, 31 (45,23%) remained in the 
same state and only 1 (0.9I9() became |K>sitiv«* 

8.7,9 Monthly malaria transition rates 

Though, the ti^ subsegumt £olloif*ups, veiie 
conducted at a difference of about 83 days, it wm 

two stu^ timings per person was of <id»oitt I® days. 
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the two traasitloa rates, studied duriag two 
consecutive surveys would refer to the monthly rates.* 

SiS3h rates have been shown in fable 8*1®# 
Since 'lost to folloir«up' of cases have he«x ignored 
for the analysis# the observed rates may be termed 
as monthly 'net rates •* 

Analysis indicates a monthly negative-to- 
positive transition rate of abo\it 2«Q!& Cl *83%) and 
positive-to-*aegative rate of S0*0%* Wot aaleS|. these 
rates were 2*33% and 58*3396 respectively, against 
1*S2% and 40*®% respectively# in case of females* 

NO statistically significant differences were 
ol^erved between males and females for iMgative-to*' 
positive (t w 0.i483, F “7 0 •05} and fo r positivewto*** 
negative (t * 0*8407# F *7 0*05) tnussitlon rates* 

8*8 mscossxcm. 

As indicated earlier# malaria in India# is 
one €3f the worst scourges* fraosmission dynamics of 
the disease need to be studied in order to understand 
the extent of problem, effect of controVpirsventlve 
measures and to get data to study the upplioaMlity 
and relevance of mathematical models, if a^y. 


Monthly iaalaria traosition arat^s* 



rntmm mxm hmm& im ohaarotiiims, in ftslloif-i 

II «ia III), 

Oa**« ‘lost t© j^IIow-up* Moa axcl^^ai^. 


BMQ&iatlY* it ha* haea raco 0 ia«aaded (Molineatuc and 
0*raai<ge4a# 1980) that, ia ordar to atw^ malaria 
situatioas and it* diffarsat asaociated asi»a9Ct* 
in depth, longitudinal studie* on raactro and micro 
level* should he un«^rtaJcen, particiilarly, in the 
populattona iidiere scourge lamlaria atill po*«* 
a serious threat* ®» present investigation was 
carried-out in a email area to provide, inter alia, 
data on transmission patterns of the disease. 

In the present follow-up investigation, 
coverage has been considerahly low particularly# ia ; 
the two fiollow-ups. Xn initial survey too, only 
about 51% persons of the total population could ha 
studied* xn fact, in the studies lihs present cum 
where a few drops of blood are to be tahen from 
individuals for cocaminatitm, low coverage is 
unavoidable particularly# for rural populaticois of 
India* In such populaticms, people are often 
illiterate and poor# and in cpite^ of using hiih 
motivational tei^wigiies# they are not easily 
prepared to provide a few drops of blood# probably 
bacause cjf tha fear that# it would wadkaa them* 

In subaaguant iollow-up*# mostly people aithar did not 
«M»-€parate/respcuid or were not available at tba tima 
of our visits owing to their outdoor a«tivltl«wi 


«t; 4i»tiiat fields etc idjlcli ultiiaately, 
resulted in loir coverage* , WMieu of the area, l>y 
virtue of tiieir indoor works, were more oft«a 
available in their hos»s* ihuui their coverage was 
higher than of. Wales. 

Durioj the course of this investigation, 
people sitf fering froro minor ailments such as **• 
diarrhoea, dysaatery, fever, pains and minor injuries 
were provided basic drugs and those suffering 
serlous/fatal diseases were advised admissions in 
the nearby Medical College hospital* this was mainly ' 
done to gain faith of villagers and thus, to aog^re 
desired coverage by way of their co-opermti®o.* It was 
realis'ed that provision of such facilities helpsMi 
considerably to enhance coverage in initial sumgf 
and in subseginsat follow-ups* 

Pata indicate iate.re3tingly 4Hg)ortaiit 
results in respect of sya^tomatic and asymptomatirt 
parasitamnia* Chit of 32 positive cases detected in 
the initial survey# only 13 (40.62H) had malaria 
symptoms and rest about 593» did not have any symptoii 
of malaria* fhX» envisages that assessment on astual 
eactsnt of malafia in a pc^mtlation mmmit be iwide cm 
the hfesis of blood slMes collmsted Iwm *ifer nases only* 
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100 cases wh© were found negatiT© for ’ 
malaria had one or the other syB^toms, These oases, 
probably, had some 111-heaa.th conditions, other than 
malaria, having similar sya^toaffl, 

Assooiation of malaria parasite ^ratses were 
studied with SOB® of the soci©**dttnographio ■ 
©haracteristioa of the individuals. Such i»tes wsre 
relatively hish«t for males than fmaales for different 
age^roups and malaria species. This eould have 
probably beffli because of the faet that males ©ft«a 
go for outdoor works near ponds, nullah and other 
malarious places without be.ing well attired, similar 
observations have been made in a study on malaria 
morbidity in a teachi*^ hospital CSrivastava at al. 
1976), However, the observed sex-difference was not 
statistically significant* Similar has been the 
case with age# 

It was further observed that malaria 
parasite rates were higher in those who were 
Illiterates, belonged to low socio-eeoncml* status 
and/cr engaged in professicms like agriculture ai^ 
labour* To us. suoh observaticms seem to be dbtloiis 
as poor and illiterate people usually live in hutV 
kutdicha houses and keep cattles inidde their homes# 

A 




im 


thus, reaulting in the preseoc* of !rao«qaito« 

hree<iing places nith %n 'Vi.m of all this, 

th^ hecoiae aore prone to suffer from aalaila. 

Study of transition of individuals from 
malaria positive state to malaria negative state or 
vice-versa during one-month period enabled us to 
work-out iiKjnthly malaria parasite transition rates. 
Both rates were relatively higher for males than 
females but these sex-differences were not 
statistically significant. 

In malaria, innunity increases with age, 
resulting in somewhat lower susceptibility in older 
persons. As such, it is usually thought appropriate 
to study transition rates for persons belonging to ■ 
different age and sex separately for different malaria 
species. Mere, unfortunately, data did not allow u» 
to categorise it further by age or species as 
positive oases were very small in ntarober, 

Biiriii© the course of the surveys, 
anti -malaria drugs were not given to the fever 
cases in or<hir to study nattiral recovery rates and 
actual malaria parasite incidence rates, as far as 
possible. However, possibility of taking such drugs 
by these cases from other sources cannot toe ruled out* 


no 

Tlm&, tlie ofeaerved positiTre-to-negativ# txansitioo 
rates may not be absolutely nattiral. Similarly, 
observed mgative-to-positive transition rates are 
based on pat^t parasitaemia and include relapses, 
if any# 
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ISTIMATIOH Of 

um&mTt mmrtTB of : 

MAIARIA llADICMnOU IH IKDIA 

In seoeat years# tliere has been an 
increasing trend of both malaria positiire eases 
and annual parasite rates Cbatta and Miasin# 1979), 

In 1975 alone, 51# 66,' 141 positive eases o£ walaria 
took place in the coimtry and 99 deaths imre reported 
from its major hospitals 197$), ly the 

end of 1974# 1#136 million people vmm at the risk 
to suffer from malaria CSrivastava et al# 1971)# 
even today# hxmdrads of millions of people are still 
exposed 'to MMSPk Th© pirotoXwi of 

malaria in the country has attracted health 
iidiiiiiis 1;rstoJt8 

Despite the isplimentation of hatiiaciel 
Malaria Sradicatlon Frograiane <il.H,S,f,) sinee the 
year 19 53 in the country# there has been a ctoasideareble 
under reporting in malaria positive cases each year. 

In fact# fear variety of reasons, suih as non 
donsUeratlon of asyiei»tomatie parmidtaenia in the 
present strategy of mlaria amurveillanoe# sliwkiiess 
of sialaria eorikers their poor iKliloiiiiMXies la 
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biood slide GOllectdon f»om all fever cases and tlie 
liitiitations of jpathologieal testa to pjwsduce 
evidences on parasite positivity, particularly in 
eases id»r® parasite density in blood is very loif 
{Pull and arab, 1974) etc? the nuidaer of positive 
cases, officially reported represents only, a small 
fraction of tiie actual numbeaf*. Similar is the ease 
vith malaria deathsf the available figures are based 
on hospital data and that too of only a few. In order 
to get the actual number of malaria cases or/aad 
malaria deaths, at least grossly, the officially, 
reported figures will have to be inflated oonsiderafoly 
taking suitable assuniJtions on its reporting efUciency, 
h gross estimate of actual number of deaths due to 
malaria can then be made vith the help of its observed 
case fatality rate, 

longevity Isenefits of malaria eradication or additicoal 
years of life that would be saved by an individual ee 
a result of elimination of risk of death from a 
disease from the population, Chiang (1969) has 
suggested a method for this purpose which couM be 
applied whAi the current data on mortality by age fCNT 


* moMMt Q*P* 1 19S0I » . Personal gosiiiiani.catiiaa: » 
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diff®jr®at diseases are aval labia, la a 
like otirst data on death rate Jsy age due to all 
camses are hardly available in view of poor exiatlng 
information systiKft* In soda a situation, estimatiesa 
of impact of elimination of risk of death from a 
disease from the populatlce on longevity poses a 
problem, indeed. Here, an effort has been made to 
estimate such m effect for malaria in the situations 
where current data aa death rate ^e to all causes by 
age are not known, Jhurther, despite the fact that 

itare x^sponsll^l# £i>ir n. Mjojr iNiurt 
of the total irortality, in -our country sitiii efforts 
have not been made thus far, fte present oo 

is an attaint in this direction, 

9,1 METHODOLOGY. 

ix) General 

In order to evaluate the impact of malaria 
eradication programme on longevity, it would toe 
necessary first to calculate life expectancy in the 
presence cssf malaria* this, of caourse, can easily toe ; ; 
obtained frcwi ordinary Life fables of the csountry* 
Another estimate of life expectancy can tli«a be madm 
assuming that malaria has been eliminated as a cans* 
of daath, this wouldf however, naeessitate mft 
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probabilities of death fro® malaria. The dif ferasooe 
in these two life expectancies would be an estimata ^ ; 
of the additional years of life that would be saved 
by an individual as a result of elimination of risk 
of death from malaria. 

In fact« in human population, direct 
estimation of net probabilities is not possible. 

It may be estimated, however, as a part of problem of - 
•conpeting risk* m • theory multiple 4Nwr««eats», 

The present problem ri^presents a double decrement 

other causes, the other risk of death i cornfield, 1957), 
{II) Notations 

Thou^, the notations used here are somewhat 
deviant from those considered oonvmatioiially, they 
have been introduced solely for the sake of convmience 
in the descriptiem, . . 

X t Age of the individual, _ 

n I Number of years between x to x t a, 

n*x t Proportion of life lived by those, a< 5 pid x 

die before reaching a^e x + n in the interval 
{x, X t n). 


Its 

a X f Age-sp«C!ifie death rate from maULaria ia the 
age interval (x# x -f a). 

*i%c » Or<llaa*y Mfe Table aaiortality function* Or, 
the probability that aa individual aliv# at 
age x %illl die before reaching age x 4- n, 

t 1 « n%,» 

i Probability that an indivithial alive at age m 
will die of malaria bef03ce reaching age x n 
in the preaence Gi all ether xiidea of death 
acting on the population. This is Icneifn as 
crude protMddlity of death from malaria, 
o 

t Probability that an individual alive at age m 
will die of causes other than malaria before 
reaching age x t n in the presence of ride of 
malaria* ^^s is bnawn as crudo piobebilitar 
of diath from the causes other them malaria, 

^(o) 

n^ I Probability that an individual alive at aga x 
Mil die before reaching age x t n if malaria 
Is eliminated as a cause of death frtmi the 
population, Thla Is called net probability 
function* 


t 


I?® 



lxp«ctation ©f life at ag« x in tli« 
presence of risk of laalaria* 



SicpectAtion of life at age x ^ilieii malaria is 
eliBiiiiateS as a oamse of death* 


(in) llie Model 

Let E® and be the risks of death front 
malaria and other causes respectively# they act 
simultaneously on each individual of the population* 
We consider following assumptions* 


(i) 'Individuals of the populations are equally at 
the risk of death from malaria as well as - 
from other causes* 

|ii> Ihe intensities of both the risks and H** 
are ftmctions of age* we d«aot# them by 
and respectively at age x* 

liii) force of mortality from malaria in relatim t© 
the force of mortality from all other causes 
within each age interval (x, x -fr n) 4s ooastant. 

Here, it may be seen that. 


for all X, 1^ 4- 
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HOW, crua© prolaatoiUty of death fz<m »aiajri» 

H 

a%c can bo derived (Chlang, 19®8) a#. 


n 


. n%c 

VTK 


42) 


for all x, ©qoatioiia (1) and C2) that 

+ a%c » a*^ 


( 3 ) 


Therefore, 


« a%c 


» n. 


(4) 


When mlaxia haa been eliminated as a oai&se of death, 
the net prohahility of death, a% oaa he obtained 


(CMang, 1968> as, 

A°^ - [ 1 - ( nP* 


(S) 


from C4), egoatioa i5) cm he written as, 


• : 1 - )/a^ 


®r, 


*i 

« L 1 


( 1 • a 


/ »’» >] 


»{d> 


With a% «nd a^ values being tecum for diffeifai*fe at, 
the life expectancies in presence and ahteiMNi o€ lha 
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Since the date on n^x for appropriate period for 
India are not a'rall:aLble# on altematiire netliod need 
to be oonsidered* 


Taking advantage of the relationship shown 
in C 2 )# and putting value t^x in ( 8 ), mt hmm 



n%t 



The values of crude probability of death fjroa laalaria 

H I 

u%i can now be obtained froa Ct> albeit Ihe 
inforraation on n^x for different x, is not ‘tamm* 

' fUrtherKire# values of can not be 
estiroated firm CSt) for last age»lntorval iihlcdi is 
half open* mdh as w years and above (In our ease* 
tiTkis interval is 60 years and above)* as length of 
interval is infinite and ^a^ is. not knoun** 

' Since* each one of 1 ^ people alive at age w 
will arventuaily die# so 1 ^ •• The death rate for 
this open class«>interval idlll# thus be# 

K. ■> 

"V 



gjjk jLjiiy&yBiai IkikaiiK,; al..^iK sMwjMk Miih. iSitfirwiia nJH ^ J| J||j||fe ,jk||||g 

^ W iplpXWali mo wHPp mSNMPI 1^4.1, y 

viyEicMi wailiiite are dsnisted bv JL^ 4L^ a. and 

eta* 


(2) and (lOh the erude probalsdLIitsr «£ 
death from laadatia for last age-inteival can tot 
estl«ted fraa (11) giv^ below. 



£o) 

Furtherioore, the eatliaation of ' would neoessiteta 
1,^®^ i^ieh is again not Imown. Moworer, litillatng (t) 
and (10)* it m.Y be estiioated from (12 given below* 



9,2 xiiiigsTiuiiscH. 

In order t© stady the «f fewt of mlarta 
eradication on human longevity# the cK>ii^>etiiig riik 
stochastic modal# illustrated in Section 9*1 has besw 
applied. Relevant epidemiological and dewsgmptiic 
infoopations, available in the recsent Ml^WPitare tMiva 
bean utilised for the purpose* the period of 
IS years I1964-78) has been «ak«» as the base fos 
present «aalirsis* 
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Table 9.1 shows reported nalaria positive 
cases as well as annual parasite rates during 1964*-19’)18 
in India* The disease has shown increasing trend till 
the year 19t6 when annual parasite rate of about 11% 
has been observed. 

Since the data <»i actual number of malaria 
deaths are not available,, an effort was made to 
estimate them using a set of assunptions regarding 
reporting efficiency^ case fatality rate and age 
distribution of ml aria deaths. Table 9.2 indicates 
that average nuiriber of malaria positive eases observed 
per year during the period considered has be«fi 
20,21,525 per year. This number has been Inflatwl 
10 times, based on the assumed reporting efficiency 
of 10%. In absence of any scientifically established 
gromd, we considered this 10% reporting efficiency in 
malaria cases on the basis of otir field erperiezices, 
and after discussing the issue with others*. 
Furthermore, our results on the extent of asyii®»t«eiatl« 
parasitaemia observed in the studied population 
(see. Chapter VIII) in association with many other 
factors vis., poor efficiency of malaria workers in 
collecting blood slides, low accurwsy In their field 


* amkia, a.». (1980) t 
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Tmm 9.1 

Malaria posltlT® gataa ana iaaamal paga»ife« indax 
(A.F.l.) in India daring 1964«-1978) » 


Year 

Malaria poaitiY® 
sasas 

Annual paraaita 
indax (A.P.I,) 

1964 

i«12,942 

0.25 

19 6S 

99,667 

0.22 

1966 

1,48,012 

0.31 

1967 

2,78,214 

0.57 

1968 

2,74,634 

0.55 

1969 

3,47,975 

0.6S 

1970 

6,94,017 

1.32 

1971 

13,22,398 

3.4? 

1972 

14,23,649 

2 . 61 

1973 

19,30,273 

1.46 

1974 

31,67,658 

i.» 

1975 

51,66,142 

9.10 

1976 

64,67,015 

11.25 

1977 

47,40,900 

7.16 

1978 

41# 44# SSS 

6,53 


Soure® t Dutta and Ihasin (19991 
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TABIB 9.2 

i gid.mat;ea ,, of mmia.1 amaber of galaria poaitlv» €mMmm 
and.deatha from atalaxla. in ladla . 


S.KO. 

%ieci f icati ons 

Value of the 
estimates 

1. 

Average number of malaria 

positive cases per year* 

20,21.523 

2. 

Reporting efficiency* of 

malaria cases. 

to* 

3. 

Sstimated malaria positive 

cases per year. 

2,02.15,250 

4 m 

Case fatality rate^ 

1.0* 

5 ■ 

Bstlaiated deaths from malaria 

per year. 

2,02,153 


Sources • ♦ Shukla, O.B.; C1980) i Personal 

# national institute of Coasnunio«l)le Blseases 


U976l 197? K 


wcark and liialliuitioiis of laboratory dwicaaCprwa tlMi 
pmBmmm of malaria parasites in blood etc definitely 
give credence, to a great asctent, to this o«r 
assiiH®)tion, Asstaming a case fatality rate of 131 
(national Institate of Ctoaitiaiiicable Mseases, 3S>76| 
1977), the average deaths fra® malaria wsre estimated 
to be 2,02, 153 per year (Table 9 •2). 

Table 9*3 summarizes estimated annual deaths 
as veil as population of India, and estimated age<* 
specific deaths rates from malaria by age, Sinee the 
data on pattern of age distribution of malaria are not 
available for the present analysis, *we assumed thad; 
age pattern of malaaria deaths i«ould be the sams as 
that of malaria cases observed by us (Srivastasm# at al, 
1975), Based on these assumptions, the age floid malaria 
specific mortality rates axe estimatedi an overall 
annual srurtality rate of about 37/1,00,000 has, thus, 
been worlteed»out. 

The cortpleta life Table for India Cl961*»'70> 
had to be suitably abridged, following CMang (I9i@i 
1968) for both sexes combined, as abridged Idle Table 
for India for relevant period were not available# 
Abridtefement of coii®>lete Ufa Table has bean ihiewa in 
Table 9#4, 
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Tables 9.S and 9.$» besides showing walnes 
of various Life Table funotions also show the effect 
of eliiaiiiatioii of aalaria as a 'cause of death from 
the population on probability of death and qb 
®: jg>eotation of life respectively* Sonte decrease in 
probability of death as a result of elimination of 
riii^ of' malaria has been seen in different age—groiaqpsi 
highest being of 16*5®% in 10-19 years followed by 
20-29 years (Table 9*5) * 

The life eagpectancy at birth for Xndia 
during 1961-70 is estimated to be 46,37 years and 
52,41 years in age-grot^j 1-9 years. In absence of 
malaria# the estimated life es^ectancy at birth has 
been 46,98 years and 53,11 years in age-gro^ 1-9 years, 
A gain in expected longevity at birth of 1,32% is 
estimated if malaria is eliminated as a cause of 
death from the population in India, Such gain for 
tlfks age interval 1-9 years, however# is 1,34%, 

It may be seen that gains in the life espeotaBoles 
of individuals as the result of elimination of nalaria 
as a cause of death from the oountry is apnsiderebly 
higher for first 3 age-intervals than rest others# 
3?urther# such observations showed a deereasing trend 
in respect of gains with increasing age* 










of »limina^lnq raalaria as a riai: ©£ daath ©a earoecliatloB of Ufa 
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9.3 ©iscuasioH. 

3fli« pr«seat analyais i« b«Mid @a cartaia- 
a»staiption». It mrmmls, scoae affact of •llaiaatioa 
of riak of death from malaria on probaMlity of death 
ae well as on eaipectatlon of life in India. However » 
tlms eatlmates are obviously subject to considerable 
•variation because of limited data on vbicEh the major 
asstas^tloas of the analysis are based. 

Further# various asauraptions# made herein# 
particularly on reporting efficiency and age 
distribution of malaria deaths# may also be 
questionable. It may# however# be pointed out that in 
India# cSelfand C1966) broughtforth an efficiency of 10% 
for smallpoK. This# of course# gives some wtlghtage 
to our assumption on repo^rting efficiency in nualaria. 
Furthe£im:>re» many su« 2 h debatable epidemiological values 
used in the analysis# undoubtedly limit the credibility 
of the results of the study. 

Howsfver# even substantial variations in these 
assuBptions would not alter the picture much and tfcai 
general conclusion that elimination of malaria from 
India would result in the enhancement in life 
expectancy is not vitiated. 


a## ♦♦##****# 
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SUMMARY AHB C0MCLUSIC3MS 

formlatioii of aatheraatlcal iiiod«l« aM 
their application to the varions areas of jaedlclii* ■ 
and health is a relatiirely neirer concept. Use of 
such models in medical research can hardly be 
overemphasised in vi,ev of their utawtst; significance 
in the assessment of imartality and morbidity conditions, 
in the measurement of levels of health, in the 
plaimii^ and evaluation of health programnes and la 
studying the efficacy of drugs and tranamisatwi 
dynaamics of the diseases etc. Mathematical models 
for some diseases, such as •» cancer, filaria, tatanua, 
typhoid and endogenous depression ate are availsl»la« 

Malaria, in India, is undoiibtedly one of 
the worst ' scourges. The intemsity of malaria 
transmission althou^ not uniform all over the oounfejiy 
has been considered the main obstacle to any type of 
control of the disease for the last few years. Many 
quantitative studies on malaria have recently ba«a 
carrled^out to study and interpret the malarloaiatrle 
data, however, the literature on mathematical 
modelling on the subject is still drastically scanty* 


F«rtlie*aiore, sao^ls available, if any, are mainly 
based on deterministic approacbes and those based 
on probabilistiq/stochastic approaches are negligible, 
indeed* Not only this, tbs available models, in 
general, are so eon^licated that their uses, bF a®d 
large, seem to be difficult ehere computer facilities 
are not in abundance. With changing trends in ■ 
malaria epidaniology# the patterns of diwiase should 
be studied utilising present epidiWiiological 
laiowledge with the help of random processes* 

in the present wrk, an atten^t has been 
made to formulate soiie mathematical models, based on 
stochastic processes, for studying certain 
epidemiological aspects of the disease* In order 
to illustrate their applicability and relative 
suitability, they have also been applied to the 
actual situations. Our observations, in nut shell, 
may be simmtarised as under*' 

1. Assessment of malaria situatioae In a popttlatlOB 
may be. made by estimating malaria parasite 
incidence rate in infants who are oonsidered 
to be negative for malaria at birth* A stoehastlo 
amKlel for this purpose is disoussed in Chapter rf* 
It also enables one to estimate the force of 


malaria infection# acting on a population at 
any point of tima* Application of ttoa l*i£« Tatola 
Method for estimating amlaria parasite incitgteee 
rate for such populations from longitudinal data 
is also idiown# 

fhe two methods ■— stochastic imjdel and 
Iiifa T^ie method •• were applied to a malaritwfflatriG 
data concerning to a Keniyan population* Both the 
metriods .estimated the actual malaria aituations in 
the population satisfactorily. Ihe deiriations in 
the resultSi if any# have laeen possibly because of 
limited details pertaining to the data availabijif 

Malaria situations in a populaticm of an area may 
also be studied by estimating parasite ineidcniGNS 
and recovery rates from longitudinal data, la 
to study such rates in the general population# a - 
stochastic UKJdel with only two states — snlaxla 
positive state and malaria negative state has been 
suggested in Chapter V*- It# inter alia# provides 
transition probabilities during a speeifiad time 
frcaa one state to the other* It was implied to 
the parasitological data# collected in a raiiil 
community of Jhansi district 


Uo^ml laaicated ©^rall daily mt roalaria 
paraaita iiici4«ea and reeorexy rata# of 9/10,000 
aad ^ raspeotively iadieatiog tliat# OH : 

9 persons per 10,000 popiilation got fresh malaria 
infection in the area per day while t oat of 100 
•positives* got rid of it daily, overall 
•expected daration of positive episode* was 
observed to be of 41 days suggesting that •positive* 
people of the area s»ntinaed to suffer from tlwi 
infection for a daraticm of about 41 days. Expected 
equilibrium parasite rate as well as the estimated 
transition probabilities from qm state to the other 
for a period of one mcoith were exactly the sma as 
weare actually observed in the area. This indicated 
that the evolved model is quite satisfactory for 
acfeu^ nnlauti^ sitaiiiliAoas ia. H ‘ 
hoBxjgeneous population, 

3, In longitudinal studies on malaria, the 

consideration of risk of ‘lost to follow-up* of 
cases is iirportant while estimating malaria 
transition rates, h scnlel considering tha preaMiiice 
of such a risk has been suggested in Chi^pter W 
to estiiBate ^ly gross malaria parasite Incideiaoe 
and recovery rates* 


its 


©la iwSfil was applied to tihe paraaitoXogicai 
datai collected in a sturfey for t;he psorpoae 
(see, cai«^er iflll). The oarerall daily gross 
laalaria paxasite incidence and recovery rates were 
estimated to be 3/10,000 and 26/1,000 respectiirely, 
indicating that 8 persons per 10,000 got imlairia 
infection fresh per day and about 26 'positive#* 
per 1,000 population of 'positives* got rid of the 
infection daily. The observed and ® 3 Cj)«cted 
probabilities of monthly transitions from <»&• state 
to the other ware almost saraa as vere aetuaily 
observed in the studied population iadicatln® that 
the evolved 3®odel showed a good fit to the 
observational data. 


4, In view of considerably different features of 

different malaria species, epidemiological patterns 
of the disease need to be studied by working*Knit 
malaria transition rata# for different speciets 
separately, A stochastic model with 7 states is 
formulated in Chapter VZX to estimate proMbilitiss 
of transitions from on# state to the otheri it also 


incidence and recovery rates for different iflpecdi 
separately, fhe model is sii^plec practisable lisui 


easy, ©Ms applioation of the raodel i», 
hosfwer, not illustrated in ’rieer 
arallabllity ©f the type ©f data i^qmirefd. 

Sn ordter to study the applicability and suitability 
of models, evolired for ’ estimating gross and net 
malaria parasite incidence and recovery rates in 
g@i»ral populations from Icmgltudinal data, the 
availability of relevant data is essential. When 
available literature cm the subject did not prorlde, 
the type of data required in sufficient amount# 
a door-to-daor study cw» malaria, consisting of one 
initial survey and two follow-ups at an average 
interval of 4 weeks was undertaken is»it Chapter VIXX) 
in a rural cousaunity of Jhansi district (u.P,)* 

Out of 937 individuals studied initiad-ly# 

32 cases were detected to be positive for malaria 
giving an overall malaria parasite rate of 3#4396* 
Furthermore, in males, about 62% individuals itioifed 
asymptomatic parasitaffiela against 59^ in case ©f 
females. Malaria parasite rates did not differ by- 
age and sex. Only two species of the parasite# via.# ' 
p. vivax and p. falciparum were detected, in tlie area 


lAlfc • fcmner playing a major role. 
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It iiouid, iii<ae@d, be lijt®j»8tlng to 
ti» impact of the eradication of a particular 
disease from a population on the health of 
individuals residing therein, in Chapter IX, 

ST^h an inpict of isalaria eradication on health 
has^been studied in terms of expected longevity 
benefits, A stochastic tixjdel has been utilised t» 
study the effects of the elimination of raalarta 
from India, as a cause of death, on probability of 
death and on expectation of life of the individuals* 

Application of the modal utilises data from 
different sources for India* The model indicates 
a gain in expected longevity at birth of 1*12%, 
if malaria is eliminated as a cause of death from 
the country. Stach gain for age-group 1-9 years 
was 1*34%, Further, these gains wmre considerably 
higher for persons beloi^jlag to early ages than for . 
those belcMi^ing to the later ages. 

The models, broughtforth here, are based on 
certain assumptions and can be implied lilwire 
certain conditions are meti however, they ere 
useful for stuping certain epidsmiologieil pattems 
of malaria* The estimated valets of soms 
epidemiological parameters have their llMtationi 
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tm laiit ean be teloeii to be tmm iejr / 

other aomEaunities of Xiidia resmibling in neture 
With the present one* It is hoped that the 
present woih eouXd be of sorae use for health 
professionals# particularly those engaged in 
malaria control aotiwitles in India and elsevheiw* 


If ilrilr # Ilf il lir # * # ♦ 
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